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ABSTRACT 
Indo-Gangetic plain constitute one of the three 
physiographic divisions of India, it has further been classified 
into four distinct zones namely, Punjab-Rajasthan alluvial plain, 
Gangetic plain, Bengal Plain and Brahmaputra alluvial plain 
(Singh, 19S7). The study area i.e. Bulandahahr district, 
constitutes a part of the Gangetic plain. 
The present study has utilised remotely sensed data of 
LANDSAT TM FCC of bands 2, 3 and 4 and IRS-IA LISS 2 digital data 
for the study of geology, geomorphology, soil, groundwater and 
drainage etc. in conjuction with ground surveys and laboratory 
analysis. The study has attempted a multi-disciplinary integrated 
approach taking into account the lithology, geomorphology, soil 
type and groundwater conditions as guide for land system 
management in the Gangetic plain. 
Stratigraphically, the area comprise alluvial sediments of 
Quaternary age, which are referable to Older Alluvium Group, Newer 
Alluvium Group and Recent Alluvium Group (Anon, 1971). The Older 
Alluvium Group has been sub-divided into Varanaai Older Alluvial 
Formation and Aligarh Older Alluvial Formation; the Newer Alluvium 
Group comprise Ganga Older Terrace Alluvial Formation and Ganga 
Younger Terrace Alluvial Formation. Recent Alluvium Group includes 
Ganga Recent Alluvial Formation and Yamuna Recent Alluvial 
Formation, which are co-evial. 
The area has four geomorphic zones namely, Varanasi Older 
Alluvial Plain, Aligarh Older Alluvial Plain, Terrace aone and 
Recent Flood Plains of Ganga and Yamuna. The Varanasi Older 
Alluvial Plain represents the oldest geomorphic surface occurring 
at highest tectonic level in the Gangetic plain. The Aligarh Older 
Alluvial Formation represents a palaeo-flood plain of a northf^n^^ 
flowing palaeo-dralnage in the area. The Terrace zone represents "^^ ny, 
the older flood plain of Ganga and its tributary streams. The 
Recent Flood Plain of Ganga and Yamuna rivers, which gets 
periodically enundated, constitute the youngest geomorphic surface 
in the Gangetic plain of U.P. 
The soil classification proposed by Department of 
Agriculture, Govt. of U.P. has been adopted. The aoile of 
Bulandshahr have been classified into Ganga Khadar Soil Series, 
Yamuna Khadar Soil Series, Trans-Yamuna Khadar Soil Series, 
Eastern Upland Soil Series, Central Upland Soil Series, Eastern 
Lowland Soil Series, Central Lowland Soil Series and Uestern 
Upland Soil Series. Physico-chemical characteristics like colour, 
drainage characteristics, texture, grain sise, Cation Exchange 
Capacity (CEC), Exchangeable Sodium Percentage (ESP), Hydrogen Ion 
Concentration (pH), Electrical Conductivity (EC) and chemical 
analysis in terms of Silica CSi02), Alumina CAI2O3), Sodium 
Bicarbonate (NaHC03), Phosphorus Oxide CP2O5), Potassium Oxide 
CK2O), Calcium Oxide (CaO), Iron Oxide (Fe203) and Magnesium Oxide 
(MgO) were analysed. The representative profile sections of the 
soil series in the district were analysed. Besides, Nutrient Index 
in terms of NPK and Land Capability and Land Irrigability classes 
for the various soil series were determined. The training sets 
were extrapolated using remotely sensed data of LANDSAT TM of 
bands 2, 3 and 4 to generate village level informatics for the 
soils of Bulandshahr district. 
Hydro-geomorphic zonnation of Bulandshahr district has been 
attempted through integration of groundwater data and geomorphie. 
elements using remote sensing applications technique. The district 
has been divided into four hydro-geomorphic zones namely, Varanasi 
Older Alluvial Plain, Aligarh Older Alluvial Plain, Terrace zone 
and Recent Flood Plain. Transmisslbility (T), Specific yield (Sy), 
Hydraulic conductivity (K) and Hydraulic gradient (dh/dl) for the 
four geomorphie sonea were determined. The groundwater occurs 
under confined to semi-confined conditions and the aquifers 
exhibit zonnation into shallow, intermediate and deeper aquifer 
zones. Three diamensional modelling of the depth to water-table 
and geomorphie data indicate troughs and mounds. Out of the 17 
blocks in the district, 7 blocks occur in the 'Dark* category, 
while the district as a whole is 'Grey' with 68% groundwater 
development statu£3. This cause for- integrated deyelopment o£ 
gi-oufidwatet- and surface water resources of the land ayateffl in the 
district. 
The digital iraage processing was attempted to identify the 
processing techniques suitable for various themes for the land 
system studies. IRS-IA LISS 2 data were subjected to analytical 
rigour using EASIPACE Image Processing System. The output 
generated includes single band images, False colour composites, 
ratio images, Principal componant (PC) images, Histogram 
equalization, Filtering operations and HIS transformation. It has 
been observed that no single digital image processing technique 
can be used for the entire range of land system studies. Different 
thematic elements require different types of processing techniques 
aa enumerated in Tables 11-17. 
The land management in plain ecosystem has been 
conventionally decided by individual holdings and administrative 
boundaries of districts, tahsils, blocks and villages. The inputs 
like irrigation, fertilisers, seeds etc. have been introduced into 
the land system on the basis of cadestral boundaries. In the 
present study it has been suggested that the soil development is 
related to lithology, geomorphology and groundwater conditions. 
Thus the management unit of the land should be decided by areas of 
homogeneity of soil, lithology, geomorphology and groundwater 
conditions. In the present study an illuminated model for the land 
system was generated through overlaying o£ lithology, 
geomorphology and groundwater informatics which control the 
pedogenetic processes, over the soil data. The areas of 
homogeneity in terms of lithology, soil, geomorphology and 
groundwater conditions were identified as Terrain Mapping Units 
(TMUe;. The TMU represents kindred relationship between lithology, 
geomorphology, groundwater conditions and soil types. Thus the 
natural boundaries of TMUs will be the most likely and acceptable 
management unit for the land system at the micro-level. 
The data on irrigation, fertilisers and agricultural 
production have been analysed for Bulandshahr district. It has 
been observed that more irrigation coverage and more application 
of fertilisers do not necessarily bring an increase in 
agricultural production, sometimes it affects the soil and water 
resources of the area and reduces the productivity of the soil. It 
has been proposed that the traditional system of giving inputs 
like irrigation, fertilisers and seeds on the basis of blocks, 
tahsils and district boundaries has to be reviewed and natural 
boundaries which have homogeneity of soil, lithology, 
geomorphology and groundwater conditions be adopted for 
agricultural Inputs to achieve the optimum production. Hence an 
integrated approach for land system is needed for sustainable 
agricultural development. 
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Ch»pt«r I 
I N T R O D U C T I O N 
Physiographically, India has been divided into three broad 
divisiona viz. Peninsular India, Extra-peninaular India and Indo-
Gangetic Plain (Kriehnan, 1982). The Indo-Gangetic Plain occupies 
about l/4th of the total surface area of our country and is 
bounded by Peninsular region in the south and Himalayas in the 
north. This alluvial plain comprises Quaternary sediments 
measuring hundreds of meters in thickness and were deposited in a 
subsiding basin (Joshi and Bhartiya, 1991). The Indo-Gangetic 
Plain has been further aub-divlded into four distinct 
zones/regions, i.e. Punjab-Rajasthan alluvial plain, Gangetic 
plain, Bengal plain and Brahmaputra alluvial plain (Singh, 1987). 
The study area of Bulandshahr district forms part of the Gangetic 
plain (Fig. 1). 
Tectonic Frame work of the Gangetic Plain: 
Sastri et al. (1971) proposed that the Ganga basin is 
bordered by two sub-surface ridges viz. Delhir-Haridwar ridge and 
nonghyr-Saharsa ridge in the vest and east of the Ganga basin 
respectively. The thickness of the Quaternary alluvium in Ganga 
basin is comparatively high with respect to the Punjab-Rajasthan 
and Bengal plain (Joshi and Bhartiya, 1991). The drilling carried 
out at Aligarh and Bulandshahr indicate a basement depth of 379 m 
and 400-600 m respectively (Anon, 1977; 1994). The Faizabad ridge 
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Fig. 1 shows the location of the study area lying 
within Gangs basin. 
which trends NE, further bijaects the Ganca basin into eastern and 
western parte. In the north the Himalayan Frontal Fault (Nakata, 
1972) separates the Ganga basin from sub-Himalayan ranges and in 
the south it is bounded by the rocks belonging to Delhi 
Supergroup, Vindhyan Supergroup and Bundelkhand Granite with an 
irregular alluvium hard rock boundary (Bajpai and Gokhale, 1986). 
The Quaternary alluvium shows a progressive increase in thickness 
towards north, close to the foot of sub Himalayan ranges C^oddar, 
1962; Sengupta, 1962; Uadia, 1976). The Vindhyans, Bundelkhand 
Granite and Delhis form the basement in the south and Siwaliks and 
Tertiarles form the basement for Quaternay cover sediments in the 
north (Anon, 1977; 1994; Khan and Joshi, 1985; Joahi and Bhartiya, 
1991). A host of eminent workers have contributed to the 
understanding of Indo-Gangetic Plain in respect of its nature of 
deposition, geomorphic history, lithostratigraphy, tectonic 
setting, sub-surface geology, alluvial morphology, hydrogeomorphic 
classification etc. (Oldham, 1917; Pascoe, 1919; Suess, 1924; 
Uadia, 1953; Geddes, 1960; Krlshnan, 1960: Awasthi, 1962; Foddar, 
1962; Sengupta, 1962; Mukherji, 1963; Dutta, 1971; Sastri et al . , 
1971; Pascoe, 1973; Rao, 1973; Singh et al., 1973; Singh and 
Rastogl, 1973; 1975; Uadia, 1976; Kumar and Singh, 1978; 
Bhattacharya and Mankhand, 1979; Pal and Bhattacharya, 1979; 
Srivastava et al., 1983; Khan and Joshi 1985; Bajpai and Gokhale, 
1986; Khan et al., 1987; 1988; Singh, 1987; Ghosh and Singh, 1988; 
Singh and Bajpai, 1989; Singh et al., 1990; Joshi and Bhartiya, 
1991), The Indo-Ganaetic Plain still continues to attract nany 
geo-scientists from within and outside the country and hence 
occupies an important position in the Quaternary stratigraphy o£ 
the sub-continent. 
Study Area: 
The study area i.e. Bulandshahr district falls within the 
Ganga basin (Singh, 1967) or fortna a part o£ Upper Ganga Yanuna 
doab (Mukherji, 1963), and lies entirely between the two major 
rivers, the Ganga and Yamuna flanking on its eastern and western 
boundaries. Situated on the western periphery of Uttar Pradesh, 
the Bulandshahr district is one of the constituent units of Meerut 
division and is approached through the national highway no. 2 
(Grand Trunk road) and by rail link. The district lies between N 
latitudes 28*^  4'to 28*^  43' and E longitudes 77° 18' to 78° 28' and 
is bounded by the districts of Moradabad and Budaun in the east. 
Ghaziabad in the north and Aligarh in the south. Gurgaon district 
of Haryana lies to the west of it. The Bulandshahr district is 
approachable from the national capital New Delhi by rail and road 
links. It is also well connected with the state capital Lucknow 
and other parts of the state. The economy of the district is 
basically agro-based and more than 70k of the population of the 
district is engaged in agriculture, however the industrial 
development has lately been taking place in the district due to 
its proximity with New Delhi. The town of Bulandshahr is situated 
almost at the centre of the district on the right bank of the Kali 
river, a Bwall tributary of Ganfla, and has an elevation of 222 m 
above nSL. Figure 2 shows the base map of the study area. 
Topography and CliAate-. 
Bulandshahr district represents a typically uniform plain 
ecosystem with a gradual slope from north west to south-east. The 
central portion forms an elevated plain, and the elevation of the 
land surface varies from 207.4 m above HSL at Gulaothi in the 
north to 193.8 m above MSL in the south at a point on G.T. road on 
the boundary of the district with Aligarh. The general average 
slope of the area is about 0.29 m/km, i.e. gentle. The district is 
primarily drained by two major rivers the Ganga and Yamuna, 
besides their tributaries like Kali, Hindon, Patwaha, Nim and 
Karwan. The climate of the district is like other parts of the 
western Uttar Pradesh, dry and healthy. There is extreme cold in 
the winter and extreme heat accompanied with hot winds in summer, 
sometimes temperature rises to as high as 46^ C. The average 
annual rainfall in the district is 6B9 mm. 
Nethodology: 
Remote Sensing is an important tool to acquire information 
which aids in decision making for sorting resource problems. It 
offers the resource manager accurate and up-to-date information 
for mapping resources and monitoring environmental changes in 
local, regional, national and global scales. In conjunction with 
conventional and ground truth data, remote sensing data have been 
used for thematic applications. 
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The present study has been carried out ueinfi LANDSAT Til 
False Colour Composite (FCC) o£ bands 2, 3 and 4 (path-row: 146-
040) on a scale of 1: 2 50 000 having a resolution of 30 m and 
corresponds to 9th May 1991 (Plate 1). Base map was prepared 
using Survey of India toposheets (nos. 53H and 53L) and the visual 
interpretation of the TM data was subsequently followed to 
generate different thematic maps such as geology, geomorphology, 
soil, drainage etc. taking into account the photographic and 
geotechnical elements like tone, texture, pattern, shape, size, 
association etc. Conventional field surveys were also carried out 
in key areas to check the veracity of remotely sensed thematic 
outputs in terms of ground truth and to collect the samples from 
each representative geological formations/soil series for 
laboratory analysis. 
The digital image processing technique was also carried out 
using IRS-IA LISS II Computer Compatible Tapes (CCTs) area falling 
in A2 subscene (path-row: 28-48) and has spatial resolution of 
36.25 n. Image processing work was carried out at Regional Remote 
Sensing Service Centre (RRSSC), Dehradun using EASIPACE image 
processing system. Although the data was processed for the entire 
district, but for digital processing western part of the district 
proximal to the river Yamuna was selected due to its topography, 
morphology and geomorphic importance. Different band combinations 
were applied/attempted to obtain best results in terms of single 
band images. False Colour Composite (FCC), band rationing, PC 
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Plate 1 LANDSAT TM False Colour Composite 
bands 2, 3 and 4 used in the present study. 
(FCC) of 
9 
inafieB, filterinfi. histoaram equalisation. HIS transformat ion etc. 
The output was taken in the form of photographs to aid the final 
interpretation of different thematic maps. 
Concept of Integrated Approach: 
Uith the rapidly increasing population of the world which 
posses serious threat to our limited natural resources of the 
earth, it is essential that we take necessary steps for the 
optimal use of natural resources and their sustainable 
development. The concept of integrated approach has widely been 
accepted as one such approach to achieve our goal and objectives 
for optimum utilisation and development of our depleting natural 
resources (Roy et al., 1992). Uith the development of Geographic 
Information System (GIS) various studies on geology, soil, 
drainage, groundwater, forest, landuse etc. can be integrated 
together to have a better understanding among the various natural 
resources and accordingly plan for their management and planning 
(Trotter, 1991). The GIS application has been adopted world over 
in areas of resource management, groundwater targeting, oil and 
mineral exploration, urban landuse planning etc. Hence, an 
integrated approach on soil, geology, vegetation, drainage, 
groundwater etc. is the need of the hour to save our depleting 
natural resources by their proper utilisation and better 
management for their sustainable development. 
This study has also attempted an integrated 
multidisciplinary approach taking into account the geology. 
lb 
fieomorpholoey. soil, and firoundwater conditions as mappinfi units 
to Identify spatially the natural entities characterised by 
hofliogeneity of geology, geomorphology, soil, drainage and 
groundwater conditions. The natural entities having similar 
relationship were mapped as Terrain Happing Units (TMUs). The TMU 
have been suggested as units for area development and resource 
management, instead of the village, block, tehsil and district, 
which have artificial boundaries. Figure 3 describes the steps 
Involved and the methodology adopted for the integrated approach 
for mapping. Different thematic maps were generated and then 
overlay of the four themes i.e. lithology, soil, geomorphology and 
groundwater conditions was developed and areas of homogeneities 
were delineated and mapped in the form of Terrain Mapping Units. 
Thus the land system management for agriculture, forestry etc. in 
the district will be environmentally compatible if the TMUs are 
developed as management units for deciding agricultural Inputs 
instead of district, tahsil, block or village which have 
artificial boundaries. 
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The Iftdo-Gangetic Plain conatltutea one of the three 
physloeraphlc dlviaions of India (Kriahnan, 1982). Its 
sedimentation, geomorphology, litho-stratigraphy, hydrogeological 
characteristics and tectonic set up have been studied by many geo-
scientists (Geddes, 1960; Awasthi, 1962; Hukherji, 1963; Singh and 
Rastogi, 1973; Datta, 1978; Kumar and Singh, 1978; Pathak, 1978; 
Bajpai and Gokhale, 1966; Singh, 1987; Joshi and Bhartiya, 1991; 
Anon, 1992; Das Gupta and Gupta, 1992). The Indo-Gangetic Plain 
has been variously referred as 'fore deep', 'sag', 'rift valley", 
•trough*, 'yolked basin', 'half graben', 'basin' (Rao, 1973; Singh 
and Bajpai, 1989). The Ganga basin is considered as a foredeep in 
front of the rising Himalayas (Suess, 1924; Poddar, 1962). In the 
plate tectonic model it occurs as a peripheral foreland basin 
formed as a result of continent-continent collision between Indian 
and Asian plates (Dickinson, 1974; Singh and Bajpai, 1989). 
Geophysical studies of this alluvial plain show a number of 
lineaments, faults and regional highs in the basement (Sastri et 
al., 1971; Rao, 1973) which have controlled the sedimentation of 
Quaternary alluvium. Singh and Rastogi (1973) pointed out UNU-ESE 
and E-U trending weak zones within the Indo-Gangetic alluvial 
plain which are possibly controlling river courses and pattern of 
sedimentation. 
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The study area i.e. Bulandshahr district forme part of the 
Gangetic Plain and the sediments belong to the Quaternary age, 
which attain significant thickness in the central Ganga basin 
(Anon, 1992; Anon, 1994). Singh (1987) also pointed out that the 
thickness of the sediments increases from south to north in the 
Gangetic plain. Although the basement is not exposed but the bed 
rock encountered to the south of Bulandshahr, in Aligarh town have 
been reported at 379 m (Anon, 1977). The lithology of the 
Quaternary cover sediments in Bulandshahr district comprise 
alluvium with admixture of sand, sandy clay, silt and kankar beds. 
Geological mapping has been carried out in some parts of the 
Bulandshahr district by Das Gupta and Gupta (1992) and Thussu et 
al. (1992), but large tract of the district remained unmapped. The 
present study gives an account of the Quaternary geology and the 
possible stratigraphic sequence in the study area, utilising 
remotely sensed data pertaining to LANDSAT TM False Colour 
Composite (FCC) of bands 2, 3 and 4. 
Stratigraphy: 
The Quaternary sediments of Bulandshahr district form part 
of the stratigraphy of the Indo-Gangetic plain. The Quaternary 
sediments were deposited over the basement formed by the Indian 
Shield in the southern part and the thrusted Tertiary sediments in 
the northern part of the basin (Sastri et al. , 1971; Rao, 1973). 
The deposition of sand, silt and clay in the negative tectonic 
topography during the Quaternary period is represented by the 
14 
01d«r Alluvium, Newer Alluvium and Recent Alluvium Groups. The 
alluvium represents sedimentation in an inland sea where the 
elastics were supplied by the newly risen mountains of Himalayas 
in the north and the Vindhyan uplands in the south. The Indo-
Gangetic Plain experienced a sedimentary environment whose present 
day analog is the Caspean Sea. Table 1 presents the stratlgraphlc 
succession of the study area. 
Table 1 presents the stratigraphic sequence in the study area. 
Yamuna Recent Alluvial Formation/ 
Ganga Recent Alluvial Formation 
Recent Alluvium Group 
Newer Alluvium Group 
Older Alluvium Group 
Ganga Younger Terrace Alluvial 
Formation (Tj) 
Ganga Older Terrace Alluvial 
Formation (T2) 
Aligarh Older Alluvial Formation 
Varanasi Older Alluvial Formation 
Basement not exposed 
In the present study the Older Alluvium (Krishnan, 1982) has 
been separated into two formations namely, Varanasi Older Alluvial 
Formation (VOA) (Das Gupta and Gupta, 1992), which is Older 
Alluvium aensu-atricto (Krishnan, 1982) and Aligarh Older Alluvial 
Formation (AOA), which occurs as palaeo-flood plain deposits of a 
north flowing palaeo-dralnage which predates the flood plain 
deposits of Ganga and Yamuna rivers (Anon, 1992) and has been 
15 
delineated as outliers with in the Varanasi Older Alluvial 
Formation. For the purpose of atratigraphic description the 
Alifiarh Older Alluvial Formation and Varanasi Older Alluvial 
Formation have been grouped in the Older Alluvium Group. 
The term Newer Alluvium has been used in its original sense 
for the sediments which occur along the Ganga and its tributaries 
as Khadar deposits (Krishnan, 1982). The Newer Alluvium on the 
basis of the altimetry of the terrace deposits has been separated 
into two formations namely, Ganga Older Terrace Alluvial Formation 
and Ganga Younger Terrace Alluvial Formation. These palaeo-flood 
plain deposits constitute the Newer Alluvium Group. 
The youngest sedimentary cycle has been mapped as Recent 
Alluvium Group which comprise sand, silt and clay admixture 
developed along the recent flood plain of Ganga and its tributary 
streams. The recent flood plain deposits of Ganga and Yamuna 
rivers have been mapped as Ganga Recent Alluvial Formation and 
Yamuna Recent Alluvial Formation. 
Older Alluvium Group: 
The Older Alluvium Group is the oldest litho-stratigraphic 
group in the study area and overlies the hidden basement with 
disconformity. This Group has been divided into two formations on 
the basis of lithology, mineral composition, geomorphic features 
and other terrain distinguishing characters. 
Varanaiai Older Alluvial Formation: 
It constitute the oldest litho-stratigraphic unit of the 
16 
study area. This formation represents remnant of a planar surface 
and occupies a major part o£ Bulandshahr district (Fig. 4). The 
estimated thickness of the Varanasl Older Alluvial Formation is 
+350 m. The analysis of the bore hole data indicates that the 
upper 70-80 m of the sequence is dominantly of sandy nature 
(Appendix I), The sediments of Varanasi Older Alluvial Formation 
have been derived mostly from the Vindhyan uplands and represent 
the clastogenic assemblage of the southern provenance. The 
sediments derived from the southern province are reddish, iron 
stained, comprising quartz and biotite. The quartz grains are 
subangular to well rounded and have high sphericity (Plate 2).. The 
sediments are characterized by lateral persistence, uniformity of 
bedding and unimodal as well as bimodal distribution of the 
elastics (Fig. 5) . Syn-sedimentary washout, breaks in deposition 
and occurrence of sandy sediments (at depth of 1.7-5.7 m) indicate 
deposition in a closed shallow inland basin. The Caspean sea is 
possibly the present day analog of the Quaternary sea of Varanasi 
Older Alluvial Formation which received elastics from northern and 
southern provenances. The northern shores were en-circled by high 
mountains of Himalaya and the southern shore encompassed a low 
coast of platformal characters, where relief difference between 
the provenance and the depositional areas was not of a very high 
order. The greater part of the basin was influenced by the 
sediments which were derived from the southern province of the 
Vindhyan uplands. The elastics were chiefly sand, clayey sands and 
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Plate 2 Photomicrograph of quartz grains derived 
the southern source. XN 4/0.10/160. 
from 
19 
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Fig. 5 Hletograin showine unlmodal and blnodal 
distribution of the claatlca in Varanael Older 
Alluvial Formation. 
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silty clayey sands, i.e. the sediments with predominant sand 
fraction constitute the bulk of Varanasi Older Alluvial Formation 
(Fig. <5). The proportion of the sand proereaalvely decreased from 
the type area, Varanasi to the central part of the basin in 
Bulandshahr district (Fig. 7). 
The samples of Varanasi Older Alluvial Formation collected 
froa the field were analysed for their mineral composition, and it 
was found that this formation contains quartz in abundance, 
orthoclaae, micas, amphlbolea particularly tremolite and 
actinolite are common. Tourmaline, garnet, zircon, spinel, 
kyanite, sillimanite, epidote and rock fragments of shale and 
chert are found as accessories. Figure 8 presents the 
mineralogenic population of Varanasi Older Alluvial Formation. 
Plate 3 presents the photomicrograph of orthoclaee, one of the 
minerals reported from Varanasi Older Alluvial Formation. 
The textural parameters of the Varanasi Older Alluvial 
Formation have been determined, 12 representative samples were 
subjected to granulometric analysis, Fig. 9 presents the spatial 
spread of sample population. The Appendix II presents the textural 
parameters of the sample. The averages of the parameters indicate 
that Mean size (Nz) range from 4.7 to 3.14 0, Standard deviation 
((Ti) from 0.89 ^ to 0.4B ^, the values for Skewness (Ski) range 
between +0.10 to -0.80 and Kurtosis (KG) values range from 1.35 to 
0.85. 
The Varanasi Older Alluvial Formation shows wide range of 
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Plate 3 Photomicrograph of orthoclase one of the 
mineral species of Varanasi Older Alluvial Formation. 
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mean sice which sufiftests variation in the intensity of depositine 
currenta (Moss, 1962; Visher, 1969) which is reflected in the 
binodal distribution of the elastics. The values for standard 
deviation indicate moderately sorted to well sorted nature of 
sediments (Folk, 1980), which suggest slightly variable currents, 
while locally well sorted nature of sediments indicate smooth and 
stable currents and reworking of sediments (Visher, 1969; Singh 
and Bhardwaj, 1991). Skewness values show nearly symmetrical to 
strongly coarse skewed sediments, which indicate excess coarse 
material of the sediments. The values for kurtosis suggest 
leptokurtic to platykurtic nature of sediments of Varanasi Older 
Alluvial Formation, and indicate that the sorting is uniform, i.e. 
it is equally sorted in the central portion as well as on the 
tails. 
Geotechnical parameters i.e. Liquid Limit (UL), Plastic 
Limit (UP) and Flow Index (IF) have also been determined for each 
sample. The values for liquid limit range from 9.66 to 27.08, for 
plastic limit from 9.25 to 29.5 and flow index range from 16.0 t 
21.0. These parameters indicate non-plastic to low-plastic nature 
of alluvial material. 
Aligarh Older Alluvial Forination; 
The Varanasi Older Alluvial Formation is overlain by channel 
fills of a north flowing, river system which emerged from the 
Vindhyan Uplands and derained the Varanasi Alluvial surface into 
the central depression around Meerut. (Plate 1). The sediments 
o 
26 
which have filled the north flowinfi palaeo-drainace were first 
recognised in the Aligarh district (Samdhani, 1990; Iqbaluddin, 
1992) and have been named as Aligarh Older Alluvial Formation 
(AOA). The Aligarh Older Alluvial Formation occurs as outlier 
within the Varanasi Older Alluvial Formation along linear tracts 
defined by palaeo-channels. The sediments of the Aligarh Older 
Alluvial Formation represents flood plain deposits and rest with a 
disconformity over the Varanasi Older Alluvial Formation. It 
comprise silt, silty loam, clay, sand and silty sand deposits 
(Fig. 10) which vary in thickness from few meters to over 20 m. 
The unit of stratification varies from thin bedding to fine 
laminations (Nckee and Uier, 1953). The sediments at places 
exhibit internal organisation defined by cross laminations. The 
beds have lateral persistence and are characterized by 
compositional homogeneity over large tracts. Paucity of coarse 
elastics in the sand fraction is characteristic of the Aligarh 
Older Alluvial Formation (Fig. 11), which distinguish it from the 
underlying sandy horizons of the Varanasi Older Alluvial 
Formation. 
The mineralogical constituents of Aligarh Older Alluvial 
Formation include quartz in abundance, feldspar and micas are 
common; hornblend, tourmaline, garnet, zircon, spinel, epidote, 
apatite and rutile are found as accessories. Figure 12 presents 
the mineralogical composition of Aligarh Older Alluvial Formation. 
Plate 4 presents the photomicrograph of tremollte, one of the 
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minerals reported from Alie»rh Older Alluvial Forin»tion. 
The textural parameters of the Aligarh Older Alluvial 
Formation have been calculated, 12 representative samples were 
subjected to granulometric analysis, Fig. 13 presents the spatial 
spread of sample population. The Appendix III presents the 
textural parameters of the samples. The averages of the textural 
parameters indicate that the Mean size (Mz) range from 4.01 (| to 
3.31 (jl, Standard deviation (CTi ) from 0.95 (|> to 0.37 0, Skewnesa 
(Ski; values range from +0.016 to -0.382 and Kurtosis (KG) from 
1.76 to 0.58 respectively. 
The Aligarh Older Alluvial Formation shows wide range of 
mean size which suggests variation in the intensity of depositing 
currents. The values of standard deviation indicate moderately 
sorted to well sorted nature of sediments, skewness values show 
nearly symmetrical to coarse skewed sediments. Kurtosis values 
indicate very leptokurtic to very platykurtic nature of sediments 
of the Aligarh Older Alluvial Formation. 
Geotechnical parameters of the samples collected from this 
Formation were also determined and it was found that Liquid Limit 
(UL) range from 11.0 to 15.75, the values for Plastic Limit (UP) 
range from 17.27 to 56.34 and Flow Index (IF) range from 3.30 to 
17.50. These parameters indicate varying nature of the alluvial 
material from non-plastic to medium plastic. 
Never Alluvium Group: 
The Newer Alluvium Is the third cycle of the fluvial 
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eedixnents deposited in the Ganca-Yamuna doab. The term Newer 
Alluvium was introduced to describe the sediments of the Palaeo-
flood plain deposits of Ganga and its tributary rivers (Krishnan, 
1982). These palaeo-flood plain deposits have been locally 
described as Khadar and consist of light coloured mud, clay, silt 
and sand, which geomorphologically form T^ and T2 terrace levels 
in the Ganga and Yamuna valleys (Das Gupta and Gupta, 1992; Thussu 
et al., 1992). 
The Newer Alluvium for purpose of stratigraphic description 
has been separated into Ganga Older Terrace Alluvial Formation 
which geomorphologically form the T2 terrace level, and Ganga 
Younger Terrace Alluvial Formation which forms the Tj terrace 
level. Both these formations represent Older Flood Plain of Ganga 
and its tributaries. 
Ganga Older Terrace Alluvial Formation: 
The palaeo-flood plain deposits of the Ganga and Yamuna 
rivers which occur as linear stretch along the banks of the Ganga 
and Yamuna rivers in Bulandshahr district forming the To level 
terrace, have been mapped as Ganga Older Terrace Alluvial 
Formation. The formation comprise silt and clay in the upper part 
which is 1-2 m thick and fine silt and sand admixture in the lower 
part which is 10-15 m thick (Fig. 14). The base of the formation 
is not very clearly defined as the lithologs obtained from bore 
holes and wells suggest more or less similar lithological 
composition for the Ganga Palaeo-flood Plain deposits and the 
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underlyinfi Varanasi Older Alluvial Formation. However in plan view 
the formation can be mapped from the space data output due to 
tonal contrast with the Varanasi Older Alluvial Formation and 
altimetric changes with the Ganga Younger Terrace Alluvial 
Formation which occur along T^. 
The samples of Ganga Older Terrace Alluvial Formation 
collected from the field were analysed for their mineral 
composition and it was found that this formation is rich in 
quartz, feldspars and micas. The minor constituents include 
tourmaline, zircon, spinel, kyanite, garnet, epidote etc. Figure 
15 presents the raineralogic population of the Ganga Older Terrace 
Alluvial Formation. Plate 5 presents photomicrograph of muecovite, 
one of the minerals reported from Ganga Older Terrace Alluvial 
Formation. 
The textural parameters of the Ganga Older Terrace Alluvial 
Formation were determined from ten representative samples which 
were subjected to granulometric analysis. Figure 16 presents the 
spatial spread of sample population and Appendix IV presents the 
textural parameters of the samples. The averages of the textural 
parameters indicate that Mean size (Hz) range from 3.08 (| to 3.19 
^, Standard deviation (CTi) values range from 0.79 (\ to 0.84 l|), 
Skewness (Ski) values lie between +0.018 to -0.31 and Kurtosis 
(KG) values range from 1.51 to 0.83 respectively. 
The mean size of the Ganga Older Terrace Alluvial Formation 
shows a narrow range suggesting a uniform intensity of depositing 
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currentB (nose, 1963; Visher, 1969). The values for standard 
deviation indicate moderately aorted nature of eedimente and the 
ekeuness values nearly eymmetrlcal to coarse sleeved nature. The 
values for kurtosis suggest leptokurtic to platykurtic nature of 
sediments. 
Geotechnical parameters of the samples show that their 
Liquid Limit (UL) ranges from 16.25 to 21.25, Plastic Limit (UP) 
is 33.51 and Flow Index (IF) ranges from 6.25 to 9.0. These 
pat-ameters indicate non-plastic to low-plastic nature of the 
alluvial material. 
Ganga Younger Terrace Alluvial Formation: 
The Palaeo-flood plain deposits of Ganga which occur as 
linear stretch between the Ganga Older Terrace Alluvial Formation 
and the Recent Flood Plains of Ganga and its tributary streams, 
have been mapped as Ganga Younger Terrace Alluvial Formation. 
Geomorphologically it is expressed as T^ terrace of the palaeo-
flood plain of Ganga and its tributary streams. The development of 
Ganga Younger Terrace Alluvial Formation represents a period of 
rejuvenation, when the rivers possibly due to lowering of sea 
level cut through the earlier flood plain and later started 
depositing silt and clay with admixture of sand. The sediments 
assigned to Ganga Younger Terrace Alluvial Formation represent a 
thin veneer of unoxidised sediments, which vary in thickness from 
less than a meter to over 4 m. The bedding is defined by parallel 
lamination and occasional cross stratification with channel ward 
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elope (Fift. 17). The development of k»nkar has not been reported 
from the Ganga Younger Terrace Alluvial Formation which serves aa 
field guide to separate its lithology from Ganga Older Terrace 
Alluvial Formation in the study area. The age of Tj surface ie 
conceptually inferred to be around 20-30 Ka, the last interglacial 
(Ghosh and Singh, 1988). 
The samples of this formation were analysed for their 
mineral composition and it was found that the formation is rich in 
quartz, feldspar (especially orthoclaae), micas and hornblend. The 
minor constituents include tourmaline, garnet, zircon, spinel, 
epidote and kyanite. Figure IS presents the mineralogic population 
of the Ganga Younger Terrace Alluvial Formation. Plate 6 presents 
photomicrograph of kyanite, one of the minerals reported from 
Ganga Younger Terrace Alluvial Formation. 
The textural parameters of the Ganga Younger Terrace 
Alluvial Formation were determined and ten representative samples 
were subjected to granulometric analysis. Figure 19 presents the 
spatial spread of sample population and Appendix V presents the 
textural parameters of the samples. The averages of the textural 
parameters indicate that Mean size (Hz) range from 3.22 ^ to 3.82 
^, Standard deviation ((Ti) values range from 0.80 ^ to 0.95 ^. The 
values for Skewneas (Ski) range from -0.10 to -0.65 and Kurtosis 
(KG) values range from 1.37 to 0.85. 
The mean size of the Ganga Younger Terrace Alluvial 
Formation shows a narrow size range suggesting almost a uniform 
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intensity of depositinc currents. The standard deviation values 
indicate itioderately sorted nature of sediments, the values for 
skewness show nearly symmetrical to strongly coarse skewed nature 
and kurtosis values indicate leptokurtic to platykurtic nature of 
sediments. 
Geotechnical parameters of the samples collected from this 
formation show that their Liquid Limit (UL) is 15.50, Plastic 
Limit (UP) is 29.92 and Flow Index (IF) is 15. These parameters 
indicate non-plastic nature of the material. 
Recent Alluvium Group: 
The deposits of sand and silt with admixture of clay and mud 
seen along the Recent Flood Plains of Ganga and its tributary 
streams have been assigned as Recent Alluvium Group and represents 
the present post-Glacial Period. The sediments comprise lose 
unconsolidated active alluvium, sand, silt and clay admixture 
deposited along the active flood plain and T^ terrace in the Ganga 
valley and its tributary streams. The Recent Alluvium Group has 
been separated into Ganga Recent Alluvial Formation and Yamuna 
Recent Alluvial Formation in Bulandshahr district, which are co-
evial . 
Ganga Recent Alluvial Formation: 
The Ganga Recent Alluvial Formation is in a dynamic state 
and the areas occupied by the formation are prone to flooding. The 
landuse pattern in the Ganga Recent Alluvial Formation is in the 
form of temporary settlements and seasional crop mainly zaid. The 
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eediirents within tho channel exhibit different fluvial landforme 
auch as point bat-a , channel bars, cut-oft" meanders, ox-bow lakes, 
abandoned channels etc Mukerji (1963) pointed out from his study 
in Ganga Yamuna doab that broad river valley of Ganga river (8-15 
km) as compared to the present day narrower flood plain (3-10 km) 
suggest that in an earlier phase Ganga river was much larger and 
carrying higher discharge. 
The mlnetal population of Ganga Recent Alluvial Formation 
shows that it is rich in quartz and micas, the other common 
minarala ate epidote, garnet, hornblend, staurolite. The minor 
constituents include plagioclase, hypersthene, zircon, apatite, 
rutile etc. Figure 20 presents the minetal population of the Ganga 
Recent Alluvial Formation. Plate 7 presents photomicrograph of 
staurolite one of the minerals repotted from Ganga Recent Alluvial 
Formation. 
The sediments of Ganga Recent Alluvial Formation show 
uniformity in their distribution of sand, silt and clay i.e. their 
proportion do not show much variation (Fig. 21). The textural 
parameters of the samples represented by Gant^a Recent Alluvial 
Formation were also determined. Six samples were subjected to 
granulometric analysis. Figure 22 presents the spatial spread of 
the sample population and Appendix VI presents the textural 
parameters of the samples. The averages of the textural parameters 
indicate that the Mean size (Mz) range from 3.78 (J to 4.32 <), 
Standard deviation (CTi) values range from 0.56 (() to 0.84 ^, the 
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values for Skewnees (Ski) range from +0.Z6 to -0.36 and Kurtosie 
(KG) values lie between 1.10 to 1.51. 
The Ganga Recent Alluvial Formation shows wide range o£ mean 
size aueeesting variation in the intensity of depositing currents, 
the values for standard deviation indicate moderately sorted 
nature of sediments which suggests slight turbulance during 
deposition. The skewness values indicate strongly fine skewed 
nature of sediments and the kurtosis values show leptokurtic 
nature of sediments. 
Geotechnlcal parameters of this formation were determined 
and it was found that the Liquid Limit (UL) range from 15.0 to 
20.0, Plastic Limit (UP) value was found to be 27.13 and Flow 
Index (IF) range from 6.25 to 9.0. These parameters indicate non-
plastic to low-plastic nature of the material. 
Yamuna Recent Alluvial Formation: 
The active alluvium of the Recent Flood Plain and associated 
TQ terrace along the Yamuna river , together with the channel 
deposits of sand, silt and clay have been mapped as Yamuna Recent 
Alluvial Formation. The Ganga Recent Alluvial Formation and the 
Yamuna Recent Alluvial Formation are co-evial and are seen along 
the eastern and western periphery of the district Bulandshahr 
respectively. The sediments of Yamuna Recent Alluvial Formation 
are 1-3 m thick and are confined to the active flood plain of the 
river and associated tals. The sediments exhibit transgressive 
relationship with the underlying sediments of Ganga Younger 
4 8 
Terrace Alluvial Formation. The Bediments of this formation 
represent sub-equal distribution o£ silt and sand with clay in 
minor proportion (Fig. 23). 
The mineral population of the Yamuna Recent Alluvial 
Formation shows that it is rich in quartz and micas, the other 
commom minerals are epidote, hornblend, tourmaline, feldspars and 
garnet. The accessories ificlude zircon, spinel, kyanite, 
sillimanlte, staurolite, apatite, rutile etc. Figure 24 presents 
the mineral population of the Yamuna Recent Alluvial Formation. 
Plate 6 presents photomicrograph of a rock fragment reported from 
Yamuna Recent Alluvial Formati(>n-
The textural parameters O^ the samples represented by Yamuna 
Recent Alluvial Formation wer^ also determined for six samples, 
which were subjected to granulometric analysis. Figure 25 presents 
the spatial spread of the sample population and Appendix VII 
presents the textural parameters of the samples. The averages of 
the textural parameters indicate that Mean size (Mz) range from 
3.25 ^ to 4.35 (J), Standard deviation (CTi) values from 0.52 ()) to 
0.69 ^, the values for Skewnes^i (Ski) show a range from +0.04 to -
0.39 and Kurtosis (KG) values range from 0.68 to 1.70. 
The mean size of the YamUna Recent Alluvial Formation show a 
narrow range representing v^ry fine sand and coarse silt and 
uniform intensity of the depositing currents. Standard deviation 
values suggest moderately well sorted nature of sediments, the 
values for skewness show that the sediments of this formation are 
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population in 
Plate 8 Photomicroeraph of a rock fragment reported 
from Yamuna Recent Alluvial Formation. XN 4/0.10/160. 
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eyinnietrical to stroncly coarse skewed. The kurtosis values 
indicate platykurtic to very leptokurtic nature of' etedimentB. 
Geotechnical parameters of this formation show that the 
Liquid Limit (UL) is 14.0, the Plastic Limit (UP) value is 27.13 
and Flow Index (IF) is 6.75. These parameters indicate sandy 
nature and non-plastic material. 
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Chapter I I I 
G E O n O R P H O L O G Y 
General S ta tement : 
Geomorphologically, the area has been divided into Varanasi 
Older Alluvial Plain, Aligarh Older Alluvial Plain, Terrace Zone 
and Recfent Flood Plains of Ganga and Yamuna drainage systems (Fig. 
26). Theae four distinct geoiaorphic zones are characterised by 
different geomorphic elements and relief characteristics. The 
Varanasi Older Alluvial Plain is the oldest geomorphic zone and 
occupies a major area of Bulandshahr district, with a high 
topographical level, elevations ranging from 182 m to 196 m above 
msl. This surface was defined as 'Bangar* (Mukerji, 1963; Paacoe, 
1973), T2 surface (Singh, 1987). All (1942) considered Bangar as 
diluvial terrace, Dufaey (1935) and Ahmed (1952) considered it as a 
flat plain. Krishnan (1980) described Bangar as dark coloured 
alluvium rich in concretions and nodules of CaC03. The term 
Varanasi Older Alluvial Plain has been used by Khan and Joshl 
(1985), Khan et al. (1987), Anon (1991), Joshi and Bhartiya 
(1991), Das Gupta and Gupta (1992), Thussu et al. (1992) for the 
alluvium sandy in nature and occupying a high topographical level. 
The Aligarh Older Alluvial Plain is the next geomorphic zone 
occupying a notable area and occurs as outliers within the 
Varanasi Older Alluvial Plain. This surface represents channel 
fills of the north flowing palaeo-drainage system (Gautam, 1990), 
which emerged from the Vindhyan uplands. This system drained the 
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Varanasi Older Alluvial Plain and debounched into the central 
depression around Meerut. This geomorphic zone waa first 
recognised in the Allgarh district (Iqbaluddin, 1992). The 
development of north flowing palaeo-drainage, development of 
scars, low relief, irregular boundary outline and ealine/alkaline 
soil association are the characteristic recognition elements of 
Aligarh Older Alluvial Plain. Since Allgarh Older Alluvial Plain 
was not recognised by earlier workers (Krishnan, 1960; Mukerji, 
1963; Pascoe, 1973; Khan and Joshi, 1985; Singh, 1967; Daa Gupta 
and Gupta, 1992), it was included under Varanasi Older Alluvial 
Plain and its equivalent surface Older Alluvium (Krishnan, 1982), 
which was later recognised as Varanasi Older Alluvial Plain and 
hence the geomorphic zone was considered part of 'Bangar'. The 
natural vegetation on this surface is poor but it is under heavy 
agricultural practice as palaeo-channels provide good locii. for 
moisture to facilitate three crops in a year. Table 2 presents the 
proposed geomorphic classification vis-avis other worker's 
classification. 
Terrace zone constitute the third geomorphic zone in the 
study area and is located at more or less at constant height above 
the present flood plain and valley floor of Ganges drainage 
system. Bajpai and Gokhale (1986) used the term 'Upland tract' for 
terrace surface. Singh et al. (1990) considered terraces as 
regional planation surfaces. Older Flood Plain is the common term 
which have been generally used by most of the workers (Anon, 1991; 
56 
Tablf 2 preifnls thf proposed classification of geomorphic zones vis-a-vis oUie,r workers classification. 
Proposed Classification 
Recent Flood Plains of Gangs S Yamuna 
(include the active river channel and adjacent 
low lying areas of 'Khadar'. It represents T 
0 
terrace, point bars/channel bars, o^-bow lakes/ 
cut-off neanders, abandoned channels etc.). 
Terrace Zone 
Ganga Younger Terrace and Ganga Older Terrace 
(fort'S elevated surface above the flood plain, 
consists of silt i clay vith adtixture of sand. 
It exhibits T and T terrace levels, seander 
1 2 
scars, levees, abandoned channels etc.) 
Aligarh Older Alluvial Plain 
(forgis low lying plain, shows developtent of 
north flowing palaeo-drainage, Mander scars, 
saline/alkaline soil association, occurs as 
outliers with in the Varanasi Older Alluvial 
Plain). 
Khan i Joshi 
(1991) 
Others 
Das Gupta & Gupta Anon Khan & Rawat 
(1992) (1994) (1992) 
Ganga Recent 
Flood Plain 
Ganga Recent Flood 
Plain T 4 T (A) 
Menace. 0 0 
Ganga Older 
Flood Plain 
Ganga Tounger 
Flood Plain (T ) 
1 
(i) Ganga Younger Gar.ga Older Flood 
terrace (T ) 
1 
(ii) Ganga Older 
terrace (T ) 
Plain (T ) 
2 
Flood Plain Active Flood 
Ptair> o-f ^ anao. 
Old Flood Older Flood 
pUin 
Varanasi Older Alluvial Plain 
(forns higher level uplands, }»redo«inantly sandy 
in nature, show palaeo-channels, palaeo-tals and 
extensive agricultural activity, occupy a najor 
part of the study area). 
Varanasi Older 
Alluvial Plain 
Varanasi Older 
Alluvial Plain 
Interfluvial Varanasi Older 
area (compos- Alluvial Plain 
ite flood plain) 
b7 
Joahi and Bhartlya, 1991; Dae Gupta and Gupta, 1992; Thueeu et 
al., 1992). Terraces represent palaeo-flood plain deposits of 
Ganga and Its tributaries, and have been distinguished into T2 and 
Tj terrace levels. Chronologically, T2 terrace is older than Tj^  
terrace and occupies a higher topographical level ranging in 
elevation from 176 m to 188 in above msl and T^ elevation varies 
from 174 m to 185 m above msl. The terraces are depositlonal in 
nature and follow a narrow linear tract along the river courses 
defining the spatial spread of palaeo-flood plains of the Ganga 
drainage system. 
The Recent Flood Plains of Ganga and Yamuna constitute the 
fourth geomorphic zone in the study area. It corresponds to active 
flood plain of Ganga and its tributary streams forming T^ surface. 
This TQ surface was included in Newer Alluvium (Kriahnan, 1962) or 
Khadar (Mukerji, 1963) along with Tj^  terrace of the paleao-flood 
plain of Ganga drainage system. The term 'flood plain' is used by 
Bajpai and Gokhale (1986) for the present day flood plain of Ganga 
and Yamuna rivers. This geomorphic zone occupy the present day 
river channels and adjoining low lying areas which are Inundated 
periodically during the flood. It exhibits variety of fluvial 
features like ox-bow lakes, cut-off meanders, point bars, channel 
bars, abandoned channels, old river course etc. (Tower, 1904; 
Campbell, 1927; Cole, 193Q). The Recent Flood Plains have been 
formed by the rivers of Ganga drainage system by cutting through 
their own flood plain deposits. Thus indicating a period of 
'.•L 
rejuvenation caused possibly by lowerine of the sea level and 
increase in the base level of erosion during Holocene. 
Table 3 presents the details of geomorphic zones with their 
image characters, lithology,.stratigraphic position and geomorphic 
elements associated with the major geomorphic divisions in 
Bulandshshr district 
Varanasi Older Alluvial Plain : 
This geomorphic zone corresponds to Older Alluvium of the 
Gangetic Plain (Kriahnan, 1982). The term 'alluvium* is of Latin 
origin which refers to 'flood'. It has been used for stratified 
deposits of gravel, sand, silt, clay or other debris moved by 
streams from higher to lower ground (Howel et al., 1975). The 
term alluvium was widely used in central Europe for the Holocene 
stage as distinct from 'diluvium' for Pliestocene. In the Indian 
context the term 'alluvium' has been loosely used for the 
Quaternary deposits which are genetically related to the fluvial 
dynamics. During the Pliestocene glaciation most of the rivers 
from the northern province had little discharge due to glaciation. 
However, the southern provenance of the Vindhayan upland supported 
a very well developed drainage network, which poured the sediments 
during the Pliestocene in the depression between Himalayas in the 
north and Vindhyans in the south. The alluvial deposits of Indo-
Gangetic plains which have a mixed source from the Himalayas in 
the north and Vindhyans in the south, recieved the dominant 
clastic supply from the Vindhyan uplands during Pliestocene 
Table 3 presents Ihe various OeoKorphic loMS «nd Iheir assotialed ele«nls, iwge characters, lithilogy and 
stratigraphjc units. 
GeoMrphic z o n e s / . Geotiorphic eliMnts Iitage characters Lithology Stratigraphic unit 
Recent Flood Plains 
of Ganga and Yanuna 
Abondoned channels, 
neander scars, ox-bow 
lakes/cut-off wanders, 
point bar/channel bars, 
T terrace, levees. 
0 
Dark tone, irregular Sand, silt 
boundary outline, deve with adnixture 
lopaent of T terrace, of day i aud, 
0 
high »oisture, low ele- nediwi to fine 
vation, low settlement micaceous sand. 
(ianga/ YaMina Rectnt 
Alluvial Forution 
Recent Alluvius 
Terrace Zone T and T terraces, Nediusi to dark tone. Silt i caiy with Ganga Younger Terrace 
1 E 
abondoned channels, 
leander scars, levees, 
ponds. 
linearly stretch belt, 
sharp contact with 
Recent Flood Plains, 
higher elevation. 
adnixture of 
sand, light 
coloured nud, 
clay, silt i 
sand. 
Alluvial Foriation 
Ganga Older Terrace 
Alluvial Fonuition 
Newer Alluviui Group 
Aligarh Older Alluvial Palaeo-channels, leander Bright tone, irregular Fine to very Aligarh Older Alluvial 
Plain scars. boundary outline, sharp fine grey to Fomation 
contact with terrace yellowish brown 
zone, saline/alkaline clay with adnixture Older Alluviua Group 
soil association, low of sand and silt, 
lying plains, depressed 
topography. 
Varanasi Older 
Alluvial Plain 
Palaeo-channels, 
palaeo-tals, scars. 
Light to ftediun tone 
irregular boundary 
outline, doninarit 
agricultural activity 
higher level uplands. 
NediuK to fine 
grain yellowish 
brown sand with 
intercalations 
of silt & clay. 
Varanasi Older Alluvial 
ForMtion 
Older Alluviui Group 
(U 
sedimentation. These alluvial deposits in the present study are 
referred as Varanaai Older Alluvial Formation and constitute 
geomorphologically, the Varariasi Older Alluvial Plain ( Khan and 
Joahi, 1985; Anon, 1991; IqbaJuddin, 1992). 
The Varanaai Older Alluvial Plain forms an elevated plain in 
Bulandshahr district and L& characterised by uniformity of 
litholoftical and geotechnicftl characters, gentle to moderate 
slope, generally deep water-table conditions and extensive 
agricultural activity. This geomorphic zone is predominantly sandy 
in nature and the elastics are chiefly sand, clayey sand and silty 
clayey sand. The sediments belonging to the Varanasi Older 
Alluvial Plain are oxidised ajid at places iron stained, as seen in 
some of the well sections. Primary sedimentary structures like 
cross stratification, large scale trough cross bedding, horizontal 
laminations and thin laminated sand-clay have been observed in 
sandy sediments of Varanasi Older Alluvial Plain. Analysis of the 
bore hole data (Appendix I) Indicates that the upper 70-60 m of 
the sequence is domlnantly of sandy nature (Anon, 1994). 
Photographic and geotechnical characters like bright to 
medium tone, irregular boundary outline, sharp contact with 
adjacent geomorphic surface, gentle to moderate slope and dominant 
agricultural practice led to the identification of Varanasi Older 
Alluvial Plain on TM FCC data. The geomorphic units 
identified/recognised within this zone include scars, palaeotals 
and palaeo-channels of the north flowing palaeo-drainage system 
CFifi. 27) possibly of Pliestocene age. 
Geomorphic Unite: 
(a) Scars: This geomorphic unit is developed on the Varanasi Older 
Alluvial Plain and can be seen in the eastern half of the district 
adjacent to the course of Kali river. The scars are arcuate to 
sinous in shape and represent a highly meandering river system of 
the past. At places they are found intermingled with each other. 
They are recognised on remotely sensed data by their light to 
medium photo tone, arcuate shape and pattern and absence of 
present day drainage. They provide a favourable unit for good 
agricultural practice due to locked up moietute. 
C^) Palaeo-chariiiels: The Varanasi Older Alluvial Plain at few 
places exhibit development of palaeo-channels. These palaeo-
channels are generally of first order and further extend to join 
higher order channels in the adjoining zone i.e. Aligarh Older 
Alluvial Plain. These represent outliers of Aligarh Older Alluvial 
Plain in the Varanasi Older Alluvial Plain. 
(c) Palaeo-tals: These are local depressions which are seasonally 
filled with water and for most of the part of the year they remain 
dry. They serve as the local source for water supply for catties 
and domestic uses. They are reflected in the infra red region as 
dark blue when they contain water and if they are dry then their 
recognition on the TM FCC data is done by their light photo tone. 
These units can be seen in south-western part of the district 
Bulandshshr. They are supposed to be the remnant of meander cut 
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off of the hifihly sinous north flowing palaeo-drainaee system. 
Aligarh Older Alluvial Plain: 
This geomorphic zone is the most significant amongst all the 
four zones identified in the area, because of its association with 
the north flowing palaeo-drainage system, which is one of the 
characteristic geomorphic feature of Aligarh Older Alluvial Plain. 
Samdhani (1990) and Iqbaluddin (1992) recognised this palaeo-
drainage in the adjacent district of Aligarh and suggested that 
the present day south flowing drainage is developed as a 
superimposed drainage over the north flowing palaeo-drainage. The 
Aligarh Older Alluvial Plain occurs as outlier within the Varanasi 
Older Alluvial Plain and forms low lying plains. The association 
of saline/alkaline soils is used as a recognition element for 
mapping Aligarh Older Alluvial Plain from remotely sensed data. 
The geomorphic units reported from this zone are palaeo-channels 
and meander scars of the north flowing palaeo-drainage system, 
which pre-dates the Ganga drainage system. 
Geomorphic Unj/ts: /fi^^cni. ^rrf^ietni,*^. 
(a) Palaeo-channels: The Aligarh Older Alluvial Plain exhibits a 
well developed north flowing palaeo-drainage system (Fig. 27). The 
palaeo-channels of this extinct drainage system provide a good 
tool to reconstruct the geomorphic history of the area. These 
palaeo-channels can be mapped from the south-east of the district 
Bulandshahr and their continuity beyond the district boundary in 
the adjacent Ghaziabad district shows their intensity and extent 
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of development. They form a low lyinc eone and contain hi«h 
moisture, which aids in good agricultural output in these areas. 
These are local depressions aod can be picked up on TM FCC data on 
the basis o£ their medium tone, linear to curvilinear pattern, at 
some places they show abrupt discontinuity in their channel 
course, extensive development of cropland and association with 
ft«.lLTi*/e.lV;.e.lits.^ ftollc. TUie ^a^Ia^eo-dxalna^e avatem^ txaa detxdxltic 
to sub-dendritic pattern, m^ sdium to low stream frequency, and 
low to medium drainage density-
(b) Meander scars: They are the remnant of the palaeo-drainage 
system, which acquired sinousity and local draiange anomalies 
expressed as meander scare (Campbell, 1927; Cole, 1930). They were 
cut off from the main chanriel and now represent a distinct 
geomorphic unit, They are ^rcuate to semi-circular in shape, 
exhibit medium tone and ar^ characterised by higher moisture 
level. 
Terrace Zone: 
Terrace zone form the j^alaeo-flood plain of Ganga drainage 
system and represent the thiiTd cycle of geomorphic evolution in 
the study area. Terraces are topographic 'platform', 'benches', 
'treads', 'flats', or 'stej>s' in river valleys that usually 
represent former levels of v»lley floor and flood plain (Davis, 
1902; Fisher, 1906; Cotton, 1^40; Fisk, 1942; Jhonson, 1944; Frye 
and Leonard, 1954; 1944; Quinn, 1957). This geomorphic zone 
represents composite surface formed by coalesence of the Ti and To 
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level terraces (Samdhani, 1990; Iqbaluddin, 1992), which are 
homogeneous in lithological characters and have short aerial 
ext«;nt. In the study area terrace zone has been distinguished into 
T2 and T^ terrace on the basis of altimetry. The surface occuring 
above the present day flood plain has been designated as Tj^  
terrace, whereas the surface occuring within the palaeo-flood zone 
of the Ganga drainage system beyond 1^ has been interpreted and 
assigned T2 level terrace. Although !£ terrace is older than T^ 
but both T-^ and T2 correspond to Newer Alluvium (Das Gupta and 
Gupta, 1992), Newer Alluvium Group (Iqbaluddin, 1992), Khan and 
Joshi (1991) have designated the terrace sediments as 'Ganga 
Terrace Alluvium'. A profile along the T2, Ti, and T terraces of 
Ganga has been drawn to show their respective elevations and their 
inter-relationships within the geomorphic zone (Fig. 28). 
Geomorphic Unite: 
The following geomorphic units have been identified 
in the Terrace zone 
(a) T2 terrace 
Cb) Tj^  terrace 
(c) Natural levees 
Cd) Meander scare 
(e) Abandoned channels 
(a) T2 terrace: This ceomorphic unit represents the palaeo-flood 
plain deposits of Ganga river system, which occupy a higher 
topographical level ranging between 5-10 tn compared to T^ (Singh 
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et al., 1990). This surface is very well developed and is a 
prominent feature of the Gangetic flood plain, particularly in 
central and eastern part of Ganga drainage ayatem (Joahi and 
Bhattiya, 1991; Singh and Ghosh, 1992). 
In the study area this surface has been demarcated on the 
eastern bank of Yamuna in a linear and continuous tract in 
contrast to the western bank of Ganga, where it occurs as a thin 
linear and discontinuous tract and abuts against the younger Tj^  
terrace, south of Anupshahr town. This unit comprises silt and 
clay in the upper 1-2 ro and fine silt and sand admixture in the 
lover part. T2 terrace can be identified on remotely sensed data 
on the basis of altimetry, development of old/abandoned river 
channels, meander scars, medium tone, curvilinear boundary outline 
and sharp contact with the Varanasi Older Alluvial Plain, 
(b) T^ terrace: T^ terrace is developed in all the major river 
valleys of the Gangetic drainage system indicating development of 
broad river valleys in an earlier more humid climatic phase (Singh 
and Ghosh, 1992). In the study area this unit is well represented 
along the Ganga and Yamuna river courses with elevations ranging 
from 174 m to 185 m above mal, and show gentle slope towards the 
river valley. T^ terrace is squeezed between T2 terrace and Recent 
Flood Plain of Ganga and Yamuna and is separated by break in 
slope, which vary from 1 m to 3 m. The nick points have been 
erased by the extensive agricultural activity along this unit. The 
paired development of Tj at a lower altitude than Tg suggests that 
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the palaeo-flood plain of Ganga during the third fieonorphic cycl« 
was carved out by the river, which cut through its own flood plain 
deposits. The development of Tj level terrace is suggestive of a 
period of rejuvenation of the Ganga drainage system, perhaps 5-10 
Ka (Singh et al., 1992). 
This unit represents thin veneer of unoxidised sedimenta 
ranging from silty sand near the surface to parallel and cross 
laminated fine sand 1-3 «i below surface. Tj terrace supports 
natural vegetation in the form of grasses and bushes, besides 
providing land for cultivation during the lean season. This unit 
can be identified on TW FCC data by its medium to dark tone, 
linear pattern, presence of meander scare, abandoned river 
channels, natural levees etc. The development of gully erosion is 
seen along Ganga Tj^  terrace in contrast to Yamuna Tj terrace where 
it is conspicuous by its absence. At a few places Tj^  terrace shows 
high cliffs along Ganga on its right bank, indicating the 
migratory trend of the Recent Flood Plain of the river, 
(c) Natural leuees: Natural levees occur as low ridges and raised 
ground forming arcuate structure and are parallel to sub-parallel 
with the river courses. These geomorphic units are identified on 
TM FCC image by their light photo tone, high relief, low moisture 
content and human influence. They can also be recognised on the 
ground due to their higher elevation, characteristic soil content, 
vegetation and human habitation. In the study area these features 
have been reported from the Tj terrace of the Ganga river and the 
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town of Anupshahr is possibly located on a levee. The development 
o£ natural levees in the area is related to the palaeo-flood plain 
deposits of Ganga drainage system, which chiefly comprise of silt 
and clay with admixture of sand and light coloured mud. 
(d) Meander scars: Terrace zone exhibits a number of meander scars 
on Ti and T, level terraces. They are indicative of the earlier 
courses of Ganga and Yamuna rivers. They are well developed on the 
Tj terrace of Yamuna, highly sinous and representing aucceaaive 
stages of migration of Yamuna river to the west. However, they are 
conspicous by their absence along the Ganga river, this may 
possibly refle'ct the braided nature of the Ganga river in contrast 
to the meandering nature of Yamuna in the study area. 
(e) Abaridoned channels: These geomorphic units are well 
represented on terrace zone of the Yamuna river, where they show 
number of abandoned channels representing old courses of Yamuna 
river. These channels are difficult to observe in the field, 
however they are very well picked up on remotely sensed images. A 
very prominent abandoned channel is picked up on the south western 
part of the district which indicates an E-U course of the Yamuna 
river south of Dankaur (Plate 9) in earlier times. These abandoned 
channels represent the earlier courses of the river and the 
sediments associated with them have been referred as 'Khadar' 
(Krlshnan, 1982). 
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Plate 9 IRS-IA LISS 2 band 2/barid 4 image showing 
abandoned channel o£ the Yamuna river in EU course, 
south of Dankaur- town. 
71 
Recvnt Flood Plains of Ganaa and Yamuna: 
The Recent Flood Plains of Ganga and Yamuna form the fourth 
geofliorphic zone in Bulandshahr district. Geomorpholoeically, a 
flood plain is amongst the most dynamic of topographic surfaces 
and this dynamic quality is due to its inter-relatedness to the 
dynamics of a whole system of processes that constitute a stream 
system ( McGee, 1891; Melton, 1958; Schumm, I960; Fairbridge, 
1968). Uolman and Leopold (1957) suggested that the active flood 
plain is the area which is subjected to inundation by the annual 
flood. 
The »Recent Flood Plains of Ganga and Yamuna rivers occupy 
the present day river channels and adjoining low lying areas 
locally called 'Khadar'. Physiographically, it represents a 
depressed and entrenched channel cutting its own palaeo-flood 
plain deposits. The Ganga and Yamuna rivers show their well 
developed Recent Flood Plains in Bulandshahr district with a 
number of geomorphic landform features associated with it. 
This geomorphic zone can be identified on TM FCC by its 
light grey to reddish tone, fine to medium texture, thick 
vegetation at a few places, development of ox-bow lakes, cut-off 
meanders, point bars, channel bars etc. The relief of the surface 
is gentle, settlement density is low and resistance to erosion is 
also low. The sediments of this geomorphic zone are fine grained, 
grey coloured micaceous sand, silt with admixture of clay and mud. 
Sedimentary structures like climbing ripple laminations, parallel 
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laminations, trouch cross bed etc. are seen in vertical cuts (Fie. 
29). 
Geonorphic Unite: 
Recent Flood Plains of Ganga and Yamuna rivers show 
following geomorphic units, 
(a) TQ terrace 
Cb) Ox-bow lakes/cut-off meanders 
(c) Point bars 
(dj Channel bars 
(e) Abandoned channels 
(a) Tj., terrace: This geomorphic unit although is designated as T^ 
terrace but is included in the Recent Flood Plain due to its 
periodic inundation during flood. The elevation of this unit range 
from 172 m to 180 m. It forms a low lying area adjacent to the 
active channel of the river. The Recent Flood Plain of Ganga near 
Anupshahr town exhibit sharp contact between the active channel 
and TQ terrace. The T^ terrace is characterised by vegetation 
cover and formation of natural levee along the bank of Ganga 
(Plate 10). 
This unit can be demarcated on remotely sensed data by its 
medium to dark tone, low relief, high moisture content, presence 
of ox-bow lakes/cut-off meanders, point bars etc. the lithology of 
this unit consists of medium to coarse sand with admixture of 
silt, clay and mud. 
(b) Ox-bow lakes/cut-off meanders: The Yamuna river is having a 
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Plate 10 Field photograph of Recent 
Ganga and associated T surface. 
Flood Plain of 
7b 
number of ox-bow lakes and cut-off meanders, which are remnant of 
sinousity that prevailed along the recent flood plain. The 
rejuvenation and entrenchment of the Yamuna river in the last few 
hundred years has resulted in the development of ox-bow lakes and 
cut-off meanders along the bank of Yamuna between Hindon and 
Yamuna interfluve. These geomorphic elements are 
characteristically developed within the Yamuna Recent Flood Plains 
and constitute a prominent landform feature of Yamuna river 
environ. These units can be traced from the extreme north-west 
corner of the district Bulandshahr, as the Yamuna enters into the 
district. These landform features are seen as isolated lakes but 
during the flood season they are connected to main river channel. 
Ox-bow lakes/cut-off meanders are identified on TM FCC by 
their curvilinear to arcuate shape, dark blue tone, smooth 
texture, regular pattern etc. The Recent Flood Plain of Ganga does 
not show this landform element which can be attributed to its 
braided nature. 
(c) Point bars: Point bars are formed on the convex side of 
meanders and develop by outward increamental growth. The point 
bars are mostly sandy deposits along the convex margin and occur 
as ridges within the channel. Point bars are seen in the study 
area along the Yamuna river across its sinous loops, they are also 
seen at a few places along the Ganga river. These geomorphic 
features are easily picked up on TM FCC due to their light photo 
tone, internal drainage, lack of vegetation and their spatial 
76 
aseociation within the river channel. 
Point bar deposits show the development of climbine ripple 
laminations, trough cross bed and parallel laminations (Fig. 
29 (b)). 
(d) Channel bars: The channel bars are well developed in the study 
area located within the braided channels of Ganga and Yamuna 
rivers. They are characterised by the linearity of their trend 
along the river channel. These geomorphic units can be identified 
on TM FCC by their bright tone, presence of scrubs, lensoid shape 
etc. 
(e) Abandoned channels: Abandoned channels are also seen on the 
Recent Flood Plain and represent the gradual change in the course 
of the Yamuna river. They exhibit a discontinous tract and show 
migration of the river from east to west. They posses high 
moisture content and are represented by medium to dark tone on 
remotely sensed data. These geomorphic units are difficult to 
identify on the field due to extensive human activity. 
Drainage: 
The study of drainage is important as it plays a vital role 
in watershed management and planning irrigational and industrial 
development of an area. Drainage is controlled by climate, 
rainfall, lithology, slope, topography etc. (Milton, 1965). The 
study of drainage morphometry has been carried out in an attempt 
to use it as an interpretational key for lithology, geomorphology, 
landuse etc. in the study area. In a drainage basin the land 
\ . 
surface within the limits of the basin perimeter constitutes a 
eyetem boundary (Chow, 1964), whose morphometric parainetere 
reflect the llthological and relief characterletice, surface and 
eub-surface rocka/sedimenta. 
The present day drainage in Bulandshahr district has 
developed as superimposed drainage over a palaeo-flood plain of 
major river system which emerged from the Vindhyan plateau and 
flowed towards north in the central depression around Meert^t. This 
palaeo-drainage predates the Newer Alluvium, and has dendritic to 
sub-dendritic drainage pattern. The drainage of the present day is 
controlled by Ganga and Yamuna and their tributary streams. The 
two basins i.e. Ganga and Yamuna are separated by a major drainage 
divide following the Upper Ganga canal, which separatee the 
district into eastern and western half. 
Horphometric analysis and drainage basin characteristics of 
the present day as well as palaeo-drainage have been attempted 
to establish and correlate the two drainage systems in terms of 
their basin shape, sub-soil material, infiltration and run off 
characteristics (Zernitz, 1932; Boulton, 1965). The Survey of 
India toposheets (53 H & 53 L) and LANDSAT TM FCC data of bands 2, 
3 and 4 were used for mapping the Dj^  and D2 drainage systems in 
Bulandshahr district. Figures 30 and 31 present the palaeo-
draianage (Dj) and present day drainage (D2) in the study area. 
For the purpose of morphometric analysis the D2 drainage 
system has been sub-divided into Ganga and Yamuna sub-basins on 
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tho l.^ yi;. of tht drainsc^ divide and relationship of the lovar 
order channels with the major rivers. The palaeo-dt-ainage system 
has also been sub-divided into micro-watersheds. The morphometrlc 
analysis of the drainage systems has attempted quantification of 
micro-watersheds in terms of Stream order, Stream number (Nu), 
Stream length (Lu), Mean stream length CLu), Bifurcation ratio 
(Rb), Stream length ratio (Sr), Stream frequency CF), Drainage 
density (D), Basin perimeter (P), Basin area (Au), Basin length 
(Lb), Basin elongation (Re), Basin circularity (Re), Form factor 
(Rf) and Infiltration number (If) (Horton, 1945; Schumn, 1956; 
Chow. 1964; Strahler, 1964; Nautiyal, 1994). 
Present day drainage: 
The present day drainage of Bulandshahr district has been 
broadly divided into Ganga sub-basin and Yamuna sub-basin. 
Ganga Sub-basin : 
The Ganga sub-basin in the study area has been sub-divided 
into three micro-watersheds namely, Ganga micro-watershed (DoG*), 
Nim micro-watershed (D2G2) and Kali micro-watershed (DoGo). Table 
4 presents the details of Ganga sub-basin in respect of its 
fliorphometric analysis and basin characteristics. 
(a) Gariga Micra-i'^atershed (D^Gj): 
This micro-watershed covers an area of about 7 59.37 Sq. Km 
on the eastern margin of the district. The Perimeter (P) of the 
micro-watershed is 15 5.0 Km and Basin length (Lb) is 75 Km. The 
total number of streams (Nu) of various orders is 101, which 
Table 4 showing morphometric results and basin characteristics 
of the Ganga Sub-basin. 
Drainage 
parametres 
Stream order/ 
Stream number (Nu) 
Bifurcation ratio (Rb) 
l8t/2nd order 
2nd/3rd order 
3rd/4th order 
Stream length (Lu) in 
1st order 
2nd order 
3rd order 
4th order 
Mean stream length (Lu 
(in Km) 
Ist order 
2nd order 
3rd order 
4th order 
Ganga micro-
watershed 
(D2G1) 
lst/71 
2nd/25 
3rd/4 
4th/l 
2.85 
6.25 
4.0 
Km. 
186.5 
77.0 
30.5 
56.25 
) 
2.62 
3.08 
7.62 
56.25 
Nim micro-
watershed 
(D2G2) 
lst/21 
2nd/ll 
3rd/l 
-
5.25 
4.0 
-
105.0 
69.0 
58.5 
-
5.0 
17.25 
58.50 
-
Kali micro-
watershed 
(D2G3) 
l6t/26 
2nd/6 
3rd/l 
-
4.33 
6.0 
-
96.25 
68.0 
42.0 
-
3.70 
11.33 
42.0 
— 
Stream length ratio (Sr) 
2nd/lst order 1.17 3.45 3.06 
3rd/2nd order 2.47 3.39 3.71 
4th/3rd order 7.38 
Perimeter (P) in Km 155.0 176.0 180.75 
Basin length (Rb) in Km 75.0 78.75 69.0 
Area in Sq. Km 759.37 1146.80 1076.10 
Drainage density (D) 0.46 0.51 0.48 
Stream frequency (F) 0.133 0.06 0.08 
Basin elongation (Re) 0.414 0.48 0.53 
Basin circularity (Re) 0.39 0.18 0.16 
Infiltration number (If) 0.06 0.02 0.03 
Form factor (Rf) 0.13 0.18 0.22 
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include 71 etrcamc of 1st order, 25 streams of 2nd order. 4 
streams o( Jtd order and one etream of 4th order. The Bifurcation 
ratio (Rb) for li;t/2nd order i £3 2.85, for 2nd/;-lrd order is 6.25 
and for 3rd/4th order is 4.0, Length of stream segments (Lu) for 
1st order is 186.5 Km, for 2nd order is 77.0 Km, for 3rd order ie 
30.5 Km and for 4th order is 56.25 Km. Mean stream length (Lu) ia 
2.6 2 Km for let order, 3.08 Km for 2nd order, 7.6 2 Km for 3rd 
order and 56.25 Km for 4th order respectively. Stream length ratio 
(£t ) for 2nd/lst order is 1.17, for 3rd/2nd order is 2.47 and for 
4th/Jrd order is 7.38. Drainage density (D) in the micro-watershed 
is 0.46 and Stream frequency (F) is 0.133 suggesting highly 
permeable sub-soil material and low relief. The Basin elongation 
CRe) of this micro-watershed is 0.414 and Basin circularity (Re) 
is 0.386 indicating homogeneous nature of cover sediments. The 
value for Infiltration number (If) is 0.061 and Form factor (Rf) 
ia 0.13. 
(b) Nim Micro-Msiershed ('D-j6->) i 
The area covered by Nim micro-watershed is about 1146.8 Sq. 
Km., it forms micro-watershed boundaries with Ganga micro-
watershed (D2G]_) in the east and Kali micro-watershed (DoG^) in 
the west. The Perimeter CP) of the micro-watershed is 176.0 Km and 
Basin length (Lb) is 78.76 Km. The total number of streams (Nu) of 
various orders is 26, which include 21 streams of 1st order, 4 
streams of 2nd order and one stream of 3rd order. The Bifurcation 
ratio (Rb) for lst/2nd order is 5.25 and for 2nd/3rd order is 4.0. 
b3 
Length of stream secinents (Lu) for 1st order is 105.0 Km, for 2nd 
order is- 69.0 Km and for- 3rd order is 58.5 Km. Mearx sstream lengths 
fLu) is 5.0 Km for 1st order, 17.25 Km for 2nd order and 58.50 Km 
for 3rd order respectively. Stream length ratio CSr) is 3.45 for 
2nd/1st order and 3.39 for 3rd/2nd order. Drainage density (D) is 
0.51 and Stream frequency (F) is 0.06 suggesting highly permeable 
sub-soil material and low relief. The values for Basin elongation 
(Re) is 0.48 and for Basin circularity (Re) is 0.18 indicating 
homjjieneous nature of cover sediments. The value for Infiltration 
number (li) is 0.02 and Form factor fRf) is 0.18. 
(c) Kali Micro-Kiatershed (D-jGj^: 
This micro-watershed covers an area of about 1078 Sq. Km. in 
the central part of Bulandshahr district. The Perimeter (P) of 
this micro-watershed is 180.75 Km and Basin length (Lb) is 69.0 
Km. The total number of streams (Nu) of various orders is 33, 
which include 26 streams of let order, 6 streams of 2nd order and 
one stream of 3rd order. The Bifurcation ratio (Rb) for lst/2nd 
order is 4.33 and for 2nd/3rd order is 6.0. Length of stream 
segments (Lu) for 1st order is 96.25 Km, for 2nd order is 68.0 Km 
and for 3rd order is 42.0 Km. Mean stream length (Lu) is 3.70 Km 
for let order, 11.33 Km for 2nd order and 4 2.0 Km for 3rd order 
respectively. Stream length ratio (Sr) is 3.06 for 2nd/lst order 
and 3.71 for 3rd/2nd order. Drainage density (D) is 0.48 and 
Stream frequency (F) is 0.06 suggesting highly permeable sub-soil 
material, low relief and coarse texture. The values for Basin 
i..4 
elonfidition (Re) ie 0.53 and for Basin circularity (Re) is 0.16 
indicating homogeneous nature of cover sediments. The values for 
Infiltration number (If) is 0.03 and Form factor (Rf) ie 0.22. 
Yamuna Sub-basin: 
The Yamuna sub-basin covers an area of about 1391.10 Sq. Km. 
in Bulandshahr and adjoining Gurgaon district of Haryana. This 
aub-basln has been sub-divided into three micro-watersheds namely, 
Yamuna micro-watershed (D2Y2), Patwaha micro-watershed (D 2^2^ *"*^  
Karwan micro-watershed (D2Y3). Table 5 presents the details of the 
Yamuna sub-basin in respect of its morphometric analysis and basin 
characteristics. 
(a) Yamuna Hicro-Maiershed (D2yi>'-
This micro-watershed covers an area of about 706.25 Sq. Km. 
on the western periphery of the district. The Perimeter (P) of the 
micro-watershed is 135.75 Km and Basin length (Lb) is 49.25 Km. 
The total number of streams (Nu) of various orders is 39, which 
include 29 streams of 1st order, 7 streams of 2nd order, 2 streams 
of 3rd order and one stream of 4th order. The Bifurcation ratio 
CRb) for let/2nd order is 4.14, for 2nd/3rd order 3.50 and for 
3rd/4th order is 2.0. Lengths of stream segments (Lu) is 113.0 Km 
for lat order, 80.0 Km for 2nd order, 25.5 Km for 3rd order and 
31.25 Km for 4th order respectively. Mean stream length (Lu) is 
3.89 Km for 1st order, 11.42 Km for 2nd order, 12.75 Km for 3rd 
order and 31.25 Km for 4th order. Stream length ratio (Sr) is 2.39 
for 2nd/3rd order, 1.11 for 3rd/2nd order and 2.45 for 4th/3rd 
eb 
Table 5 ahowing morphotnetrlc results and basin characteristics 
of the Yamuna sub-basin. 
Drainage Yamuna micro-
parametres watershed 
(D2Y 
Stream order/ 
Stream number (Nu) 
Bifurcation ratio (Rb) 
l8t/2nd order 
2nd/3rd order 
3rd/4th order 
Stream length (Lu) in Km 
1st order 
2nd order 
3rd order 
4th order 
1) 
l8t/29 
2nd/7 
3rd/2 
4th/l 
4.14 
3.50 
2.0 
113.0 
80.0 
25.50 
31.26 
Patwaha micro-
watershed 
(D2Y2) 
lst/12 
2nd/4 
3rd/l 
-
3.0 
4.0 
— 
45.50 
25.25 
20.25 
-
Karwan micro-
watershed 
(D2Y3) 
lat/21 
2nd/5 
3rd/l 
-
4.20 
5.0 
-
80.75 
66.75 
21.25 
-
Mean stream length (Lu) 
(in Km) 
1st order 3.89 3.79 3.85 
2nd order 11.42 6.31 13.35 
3rd order 12.75 20.25 21,26 
4th order 31.25 
Stream length ratio (Sr) 
2nd/lst order 2.93 1.66 3.47 
3rd/2nd order 1.11 3.21 1.59 
4th/3rd order 2.46 
Perimeter (P) in Km 135.75 108.25 177.25 
Basin length (Lb) in Km 49.25 43.25 58.0 
Area in Sq. Km 706.25 390.60 718.75 
Drainage density (D) 0.86 0.58 0.59 
Stream frequency (F) 0.13 0.11 0.09 
Basin elongation (Re) 0.38 0.51 0.52 
Basin circularity (Re) 0.19 0.16 0.11 
Infiltration number (If) 0.11 0.06 0.05 
Form factor (Rf) 0.17 0.20 0.21 
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order respectively. The Drainace density (D) is 0.88 and Stream 
frequency (F) is 0.138 suggeatinfe hifihly permeable eub-soll 
material and low relief. The value for Basin elongation (Re) is 
0.385 and Basin circularity (Re) is 0.192 indicating homogeneous 
nature of cover sediments. This micro-watershed has Infiltration 
number (If) 0.121 and Form factor (Rf) 0.29. 
(b) PatMaha Hicro-tMatershed (D^y^-^' 
The area covered by this micro-watershed is about 390.6 Sq. 
Km. in the westerti half of the district. The Perimeter (P) of the 
micro-watershed is 108.25 Km and Basin length (Lb) is 43.25 Km. 
The total number of streams (Nu) of various orders is 17, which 
include 12 streamc of Ist order, 4 streams of 2nd order and one 
stream of 3rd order. The Bifurcation ratio (Rb) is 3.0 for lst/2nd 
order and 4.0 for 2nd/3rd order. Lengths of stream segments (Lu) 
is 45.50 Km for 1st order, 25.25 Km for 2nd order and 20.25 Km for 
3rd order respectively. Mean stream length (Lu) is 3.79 Km for 1st 
order, 6.31 Km for 2nd order and 20.25 Km for 3rd order. Stream 
length ratio (Sr) is 1.66 for 2nd/lst order and 3.21 for 3rd/2nd 
order. The Drainage density (D) is 0.58 and Stream frequency (F) 
is 0.11 indicating highly permeable sub-soil material. The values 
for Basin elongation (Re) is 0.51 and for Basin circularity (Re) 
0.16 representing homogeneous nature of cover sediments. The 
Infiltration number (If) is 0.06 and Form factor (Rf) is 0.20. 
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(c) KarMan Hicro-Maiershed (^ 1)2^ .3'• 
The area covered by this micro-watershed is about 718.0 Sq. 
Km. in the central part of the district and the eastern boundary 
of the micro-watershed coincides with the vatei- divide of the 
Ganga and Yamuna sub-basins. The Perimeter (P) of this micro-
watershed is 177.25 Km and Basin length (Lb) is 58.0 Km. The total 
number of streams (Nu) of various orders ia 27, which include 21 
streams of 1st order, 5 streams of 2nd order and one stream of 3rd 
order. The Bifurcation ratio (Rb) for lst/2nd order is 4.20 and 
for 2nd/3rd order is 5.0. Lengths of stream segments (Lu) is 80.76 
Km for let order, 66.75 Km for 2nd order and 21.25 Km for 3rd 
order respectively. The Mean stream length (Lu) is 3.85 Km for 1st 
order, 13.35 Km for 2nd order and 21.25 Km for 3rd order. Stream 
length ratio (Sr) is 3.47 for 2nd/lst order and 1.59 for 3rd/2nd 
order. The Drainage density (D) is 0.59 and Stream frequency (F) 
is 0.09 suggesting highly permeable sub-soil material and low 
relief. The Basin elongation (Re) ia 0.58 and Basin circularity 
(Re) is 0.62 indicating homogeneous nature of cover sediments. The 
Infiltration number (If) is 0.04 and Form factor (Rf) is 0.21. 
Palaeo-dralnage: 
The palaeo-drainage (D^) system in Bulandshahr district has 
been divided into three micro-watersheds designated as DjPdi, 
DjPd2 and DjPd^ micro-watersheds. The morphometric analysis and 
basin characteristics of each micro-watershed have been determined 
and the results are presented in Table 6. 
Table 6 showing morphosnetrlc reeults and basin characteristics of 
the palaeo-dr-ainage sub-basin. 
Khurja micro- Sikandrabad 
watershed micro-watershed 
(DjPdg) (DiPd3) 
Drainage Shikarpur micro-
parametres watershed 
(DiPd^) 
Stream order/ 
Stream number (Nu) 
Bifurcation ratio (Rb) 
1st/2nd order 
2nd/3rd order 
3rd/4th order 
Stream length (Lu) in Km 
1st order 
2nd order 
3rd order 
4th order 
let/15 
2nd/5 
3rd/2 
4th/l 
3.0 
2.50 
2.0 
109.25 
97.0 
68.75 
57.0 
Ist/ll 
2nd/3 
3rd/l 
3.66 
3.0 
100.75 
90.50 
73.75 
Ist/lO 
2nd/2 
3rd/l 
5.0 
2.0 
71.25 
65.75 
14.50 
Mean stream length (Lu) 
(in Km) 
1st order 
2nd order 
3rd order 
4th order 
Stream length ratio (Sr) 
2nd/lst order 
3rd/2nd order 
4th/3rd order 
Perimeter (P) in Km 
Basin length (Lb) in Km 
Area in Sq. Km 
Drainage density (D) 
Stream frequency (F) 
Basin elongation (Re) 
Basin circularity (Re) 
Infiltration number (If) 
Form factor (Rf) 
7.28 
19.40 
34.37 
31.25 
2.66 
1.77 
1.65 
166.25 
75.50 
956.25 
0.34 
0.024 
0.46 
0.43 
o.pos 
0.16 
9.15 
30.10 
73.75 
-" 
3.28 
2.45 
-
186.0 
70.50 
700.0 
0.37 
0.021 
0.42 
0.25 
0.007 
0.14 
7.12 
32.87 
14.50 
4.61 
0.44 
115.50 
43.75 
350.0 
0.43 
0.037 
0.48 
0.32 
0.017 
0.18 
B9 
(a) Shikar pur Micro-'^^ater shed (D^Pdj): 
The area covered by this micro-watershed is about 956.25 Sq. 
Km. occupying the eastern half of the district. The Perimeter (P) 
of this micro-watershed is 166.25 Km and Basin length (Lb) is 75.5 
Km. The total number of streams (Nu) of various orders is 23, 
which include 15 streams of 1st order, 5 streams of 2nd order, 2 
streams of 3rd order and one stream of 4th order. The Bifurcation 
ratio (Rb) for lst/2nd order is 3.0, for 2nd/3rd order is 2.5 and 
for 3rd/4th order is 2.0. Lengths of stream segments (Lu) is 
109.25 Km for 1st order, 97.0 Km for 2nd order, 66.75 Km for 3rd 
order and 57.0 Km for 4th order respectively. The Mean stream 
length (Lu) is 7.28 Km for 1st order, 19.4 Km for 2nd order, 34.37 
Km for 3rd order and 57.0 Km for 4th order. The Stream length 
ratio (Sr) for 2nd/lst order is 2.66, for 3rd/2nd order is 1.77 
and for 4th/3rd order is 1.65. The Drainage density (D) is 0.34 
and Stream frequency (F) is 0.024 suggesting highly permeable sub-
soil material and low relief. The Basin elongation (Re) is 0.46 
and Basin circularity (Re) is 0.43 indicating homogeneous nature 
of cover sediments. The Infiltration number (If) is 0.008 and 
Form factor (Rf) is 0.16. 
(b) Khurja Micro-Maiershed <Dj^Pd2>-
The area covered by this micro-watershed is about 700.0 Sq. 
Km covering the central part of the district. The Perimeter (P) of 
this micro-watershed is about 186.0 Km and Basin length (Lb) is 
75.5 Km. The total number of streams (Nu) of various orders is 15, 
^0 
which include 11 streams of let order, 3 etreawe of Znd order and 
one stream of 3rd order. The Bifurcation ratio (Rb) for lst/2nd 
order is 3.66 and for 2nd/3rd order is 3.0. The Lengths of stream 
segments (Lu) is 100.75 Km for 1st order, 90.5 Km for Znd order 
and 7 3.75 Km for 3rd order respectively. The Mean stream length 
(Lu) is 9.15 Km for 1st order, 30.1 Km for Znd order and 73.75 Km 
for 3rd order. The Stream length ratio (Sr) for 2nd/lst order is 
3.28 and for 3rd/2nd order is 2.45. The Drainage density (D) is 
0.37 and Stream frequency fF) is 0.021 suggesting highly permeable 
sub-soil material and very low relief. The Basin elongation (Re) 
ie 0.42 and Basin circularity (RcJ is 0.25 indicating homogeneous 
nature of cover sediments. The Infiltration number (If) is 0.007 
and Form factor (Rf) is 0.14. 
(c) Sikandrabad Micro-Natershed (D^Pd;^): 
The area covered by this micro-watershed is about 350.0 Sq, 
Km in the western part of the Bulandshahr district, adjacent to 
the present day Yamuna river. The Perimeter (P) of this micro* 
watershed is about 115.5 Km and Basin length (Lb) is 43.75 Km. The 
total number of streams (Nu) of various orders is 13, which 
include 10 streams of 1st order, 2 streams of Znd order and one 
stream of 3rd order. The Bifurcation ratio (Rb) for let/Znd order 
is 5.0 and for 2nd/3rd order is 2.0. Length of stream segmente 
(Lu) is 71.25 Km for 1st order, 65.75 Km for 2nd order and 14.5 Km 
for 3rd order respectively. The Mean stream lengths (Lu) is 7.12 
Km for 1st order, 3Z.e7 Km for Znd order and 14.5 Km for 3rd 
\J i 
order. The Stream length ratio (Sr) for 2nd/lst order is 4.61 and 
for 3rd/2nd order is 0.44. The Drainage density (D) is 0.43 and 
Stream frequency (F) is 0.037 aueeessting highly permeable sub-soil 
material and vety low relief- The Basin elongation (Re) is o.48 
and Basin circularity (Re) is 0.32 indicating homogeneous nature 
of cover sediments. The Infiltration number (If) is 0.017 and Form 
factor (R£) is 0.18. 
Present day vis-a-vis Palaeo"drainage in Bulandshahr district 
A careful study and comparison of each drainage parameter of 
the present day drainage (D2) and palaeo-drainage (Dj^)system of 
all the micro-watereheds with lithology reveals that 
a) The present day drainage has been divided into six distinct 
micro-watersheds, out of which four have 3rd order of stream as 
their main channel, the Ganga and Yamuna micro-watersheds have 
their main channel as 4th order. Dominance of 1st order channels 
in all the six micro-watersheds indicate that their intensity of 
development is high. The palaeo-drainage has been divided into 
three micro-watersheds, out of which two had 3rd order of stream 
as their main channel. Shikarpur micro-waterslied was of 4th order. 
The predominance of 1st order channels indicate basins had 
moderate slope. 
b) The bifurcation ratios range from 2.00 to 6.25 for present day 
micro-watersheds, which indicate normal drainage sub-basins. The 
bifurcation ratios for palaeo-drainage range from 2.00 to 5.00 
which also indicate normal drainage basins of palaeo-drainage. 
c) The plotB of stream order acainst etream number (Fifi. 32 (a) & 
33 (a)), show a strong negative correlation and clearly 
corroborate ufll with the Horton'e (1945) first law of etream 
numbers. Uith the increase in stream order there is corresponding 
decrease in stream number for all the micro-watersheds of the 
present day drainage. The plots of stream order against stream 
iiumber (Fig. 34 (a)) also show strong negative correlation, with 
the increase in stream order, there is a corresponding decrease in 
stream number, which suggest tributary system of palaeo-drainage. 
d) The plots of mean stream length against stream order (Fig. 32 
(b) & 33 (b)) signify that there is an orderly development of 
drainage channels, since it represents a positive correlation for 
all the micro-watersheds of the present day drainage. The plots of 
mean stream length against stream order (Fig. 34 (b)) for palaeo-
drainage indicate that their drainage channels show some deviation 
from normal and do not lie on straight lines. This deviation might 
be attributed to the local relief phenomena. 
e) The values of the basin elongation and basin circularity for 
present day drainage range from 0.38 to 0.53 and 0.11 to 0.39 
respectively, indicate low relief and gentler ground slopes. The 
values suggest that basins are elongated with less discharge time. 
For palaeo-drainage the basin elongation values range from 0.42 to 
0.48 and basin circularity from 0.25 to 0.43 indicating low to 
medium relief and gentle to moderate slopes. They were less 
elongated compared to present day sub-basins. 
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f) The drainage density values for the present day drainage ranfie 
from 0.48 in Kali micro-watershed to 0.88 in Ganga micro-watershed 
indicating low to medium drainage density and coarse texture. The 
drainage density values for palaeo-drainage range from 0.34 to 
0.43 suggesting very low drainage density and coarse texture. 
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Chapter IV 
S O I L 
General Statement: 
Soil is a complex mixture of organic and inorganic materials 
having different physical and chemical properties. The formation 
of soil is ralated to the pedogenic processes in an area. The 
morphological characteristics of soils vary at close intervals 
depending upon local inhomogenities. The soil formation is a 
function (f) of climate (cl), organisms (o), relief (r), parent 
material Cp) and time Ct) (Jenny, 1941), emperically it can be 
expressed ass : 
S = f Ccl, o, r, p, t, ) 
The formation and development of soil directly or indirectly 
is controlled by geology, geomorphology, slope, drainage, 
vegetation etc. and these parameters help to distinguish different 
kinds of soils on remotely sensed data. The moisture content, the 
amount of organic matter, the amount of iron oxide, the ralative 
percentage of clay, characteristics of the soil surface etc. 
significantly influence the spectral reflectance of soils 
(^Gerberman, 1979). 
The soil mapping using remotely sensed data can be done on 
the basis of terrain phenomenon as: 
- Features that are directly visible in the image, e.g. landuse, 
relief, drainage 
- Featurefij not visible in the image, but about which information 
can be deduced from related phenomenon that are directly visible, 
e.g. soil condition. 
The information extraction methods will be difefrent for the 
two groups of phenomena. Visual interpretation technique has been 
followed during this study, taking into account photographic and 
geo-technicdl elements like size, shape, tone, texture, pattern, 
drainage, vegetation, landuse etc. 
The Bulandshahr district which lies in the Upper Ganga-
Yafftuna doab represents a plain eco-system with gentle slope from 
north-west to south-east. Remotely sensed data pertaining to 
LANDSAT Tn FCC of bands 2, 3 and 4 was utilised for soil mapping 
in the district, in conjunction with selective field surveys. The 
representative soil samples from each soil aeries (Iqbaluddin et 
al., 1994) were analysed in the laboratory for their physical and 
chemical properties. The soils of Bulandshahr district have been 
grouped into eight different series on the basis of physical and 
Chemical properties fAhmed and Rizvi, 1994). Figure 35 presents 
the soil map of Bulandshahr district based of TM FCC data. Table 7 
presents the classification of soils 1„ Bulandshahr district. 
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Table 7 Claesification of soils of Bulandshahr district (after 
Iqbaluddln et al., 1994) 
Soil Series Degree of 
development 
Georoorphic 
zone 
Geological 
Formation 
Ganga Khadar 
Soil Series 
Yamuna Kadar 
Soil Series 
Young 
Young 
Trans-Yamuna Mature 
Khadar Soil Series 
Recent Flood 
Plain of Ganga 
Recent Flood 
Plain of 
Yamuna 
Terrace zone 
Ganga Recent 
Alluvial 
Formation 
Yamuna Recent 
Alluvial 
Formation 
Newer Alluvium 
Group 
Central Lowland Senile 
Soil Series 
Eastern Lowland Senile 
Soil Series 
Central Upland Senile 
Soil Series 
Eastern Upland Senile 
Soil Series 
Uestern Upland Senile 
Soil Series 
Aligarh Older 
Alluvial 
Plain 
-do-
Varanasi Older 
Alluvial Plain 
-do-
-do-
Aligarh Older 
Alluvial 
Formation 
-do-
Varanasi Older 
Alluvial 
Formation 
-do-
-do-
Ganga Khadar Soil Series: 
The Ganga Khadar Soil Series occur in a narrow belt along 
the Recent Flood Plain and the palaeo-flood plain of the Ganga 
river and covers about 2.62% area of the district. Geologically it 
represents Ganga Recent Alluvial Fommation and adjoining Ganga 
Younger Terrace Alluvial Formation. 
The Physical characteristics of this soil series include 
ici 
imperfect drainage, the degree of development is young, alkaline 
in nature, light grey to ash grey in colour and coarse sandy loam 
to clay loam in texture. Granoroetrically it comprise 37.15% sand, 
32.45% allt and 30.00% clay. Figure 36 (a) presents the soil 
profile of the Ganga Khadar Soil Series. 
The soil samples were subjected to chemical analysis in the 
laboratory and it was found that the soil has Cation Exchange 
Capacity (CEC) 7.40%, Exchangeable Sodium Percentage (ESP) >15%, 
Hydrogen Ion Concentration (pH) >8.0, Electrical Conductivity (EC) 
1.50 mmhoa/cffl. Silica (SiOj) 83.82%, Alumina (AI2O3) 10.73%, 
Sodium Bicarbonate (NaHC03) 0.013%, Phosphorus Oxide (P2O5) 
0.051%, Potassium Oxide (K2O) 0.66%, Calcium Oxide (CaO) 0.70%, 
Iron Oxide (Fe203) 2.20% and Magnesium Oxide (MgO) 0.71%. 
Table 8 presents the details of the chemical characteristics 
of all the eight soil series Identified in the study area. 
The range for Nutrient Index for NPK in this soil series is 
Nitrogen (N) <1.S%, Phosphorus (P) <l.a% and Potaaeium (K) 2.7-
3.4%. This soil series falls under Land Capability Class II and IV 
(Brady, 1984), characterised by gentle to moderate slope with deep 
soils of fairly satisfactory texture and structure. The soil 
corresponding to the LCC-II is affected by moderate erosion, 
wetness and salinity/alkalinity hazards and have been sub-divided 
into three sub-classes viz. LCC-IIe, soil affected by erosion 
hazards; LCC lis, soil affected by salinity/alkalinity and LCC IIw 
soil affected by wetness. The soil of this capability class can be 
Depth (in cm.) 
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Table 8 presents the chemical characteristice of aoila of 
Bulandshahr district. 
Soil series location CEC ESP pH EC SiOg AI2O3 
(\) (%) mmhoa/ (%) (%) 
cm 
Ganga Khadar Ramghat 
Khadai" 
Yamuna Khadar Makanpur 
Khadat-
10.0 >15 >8.0 
Trans-yamuna Bha,twanpur 14.40 <15 
Khadar Chhatanga 
Central Lowland Khei i 
Eastern Lowland Maaota 
Central Upland Kota 
Eastern Upland Nibari 
Bangar 
Western Upland Hasanpur 10.50 <15 7.6 
Ladioli 
7.40 >15 >8.0 1.50 83.82 10.73 
2.20 69.74 8.43 
7.3 3.0 69.05 13.97 
59.96 12.67 
77.50 14.04 
2.0 74.20 10.92 
2.15 69.53 14.29 
4.0 65.11 11.68 
25.0 >15 
15.50 <15 
7.0 <15 
9.05 <15 
>8.5 10.D 
8.0 3.0 
7.5 
7.8 
Soil series NaHC03 P2O5 K2O CaO Fe2°3 "^^ 
CO C%) (%) (%) (%) (%) 
Ganga Khadar 
Yamuna Khadar 
Trans-Yamuna 
Central Lowland 
Eastern Lowland 
Central Upland 
Eastern Upland 
Uestern Upland 
0. 
0, 
0. 
0. 
0, 
0 
0, 
0 
,013 
.098 
.091 
.50 
.014 
.09 
.08 
.06 
0. 
0. 
0. 
0. 
0. 
0 
0. 
0, 
.051 
.35 
.010 
.017 
.017 
.011 
.41 
.09 
0.65 0.70 2.20 0.71 
0.61 7.61 4.92 2.36 
0.31 0.38 1.22 0.62 
0.53 1.22 3.99 0.60 
0.52 1.09 3.72 0.50 
0.49 0.58 2.64 0.60 
0.62 0.48 2.75 1.05 
0.67 1.30 4.50 0.45 
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utilised for tree plantation, firasinc practice, fiehrlee 
development etc. 
Ganga Khadar soil series falls under Land Irrigability Class 
III and has gentle to moderate slope, poor drainage with deep 
water-table conditions. 
Yamuna Khadar Soil Series: 
The Yamuna Khadar Soil Series occurs in a narrow stretch 
along the Recent Flood Plain of Yamuna at the western periphery of 
the district. Geologically it represents Yamuna Recent Alluvial 
Formation and covers an area of about 1.53% of the district. 
Physical characteristics exhibited by this soil series 
indicate that it is light grey to dark grey in colour and sandy to 
clayey in texture, its degree of development is young and have 
gentle to moderate slope. Granometrically, it comprise 46.90% 
sand, 37.40% silt and 12.68% clay. Figure 36 (b) presents the soil 
profile of Yamuna Khadar Soil Series. 
The chemical characteristics of this soil series show that 
it has Cation Exchange Capacity (CEC) 10.0%, Exchangeable Sodium 
Percentage (ESP) >15%, Hydrogen Ion Concentration (pH) >8.0, 
Electrical Conductivity (EC) 2.20 mmhos/cm. Silica (SlOg) 59.74%, 
Alumina (AI2O3) 8.43%, Sodium Bicarbonate (NaHCOj) 0.098%, 
Phosphorus Oxide (P2O5) 0.35%, Potassium Oxide (K2O) 0.61%, 
Calcium Oxide (CaO) 7.61%, Iron Oxide (FegOj) 4.92% and Magnesium 
Oxide (MgO) 2.36%. 
The range for Nutrient Index for NPK of this soil series is 
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Nitrocen (N) <l.e%, Phosphorus (P) <1.8% and Potaeeium (K) 2.7-
3.4%. 
This soil series falls ondet- Land Capability Class II (LCC-
II) and have gentle to moderate slope, deep aoll of fairly 
satisfactory texture and structure. The soil is affected by 
moderate erosion, wetness and salinity/alkalinity hazards and have 
been sub-divided into three sub-classes viz. LCC-IIe for the soil 
affected by erosion hazards; LCC-IIs for soil affected by 
salinity/alkalinity and LCC-IIw for soil affected by wetness. 
This soil series falls under Land Irrigability Class III 
possess gentle to moderate slope, poor drainage and shallow and 
deep water-table conditions. 
Trans-Yamuna Khadar Soil Series: 
The Trans-Yamuna Khadar Soil Series is parallel to the 
Yamuna Khadar soil series in a linearly persistant belt on the 
left bank of Yamuna and covers about 4.14% area of the district. 
Geologically it represents Newer Alluvium Group and 
geomorphologlcally it is developed on T^ and T2 terraces of Yamuna 
river. 
Physical characteristllcs of this soil series show that it 
is light grey to grey in colour, loam to silty clay in texture, 
the degree of its development is mature and surface is undulatory 
with gentle to moderate slope. Granometrlcally, it comprise 18.0S% 
sand, 41.0% silt and 40.05% clay. Figure 37 (a) presents the soil 
profile of the Trans-Yamuna Khadar Soil Series. 
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The chemical characteristics of this soil series show that 
it has Cation Exchange Capacity (CEC) 14.401, Exchangeable Sodium 
Percentage CESP) <15%, Hydrogen Ion Concentration (pH) >7.3, 
Electrical Conductivity (EC) 3.00 mrohos/cm, Silica (SiOg) 69.05%, 
Alumina (AI2O3) 13.97%, Sodium Bicarbonate (NaHC03) 0.091%, 
Phosphorus Oxide (P2O5) 0.01%, Potassium Oxide (K2O) 0.31%, 
Calcium Oxide (CaO) 0.38%, Iron Oxide (FegOj) 1.22% and Magnesium 
Oxide CMgO) 0.62%. 
The range for Nutrient Index for NPK of this soil series is 
Nitrogen (N) <1.8%, Phosphorus (P) <1.8% and Potassium (K) 2.7-
3.4%. 
This soil series falle under Land Capability Class II (LCC-
II) and have gentle to moderate slope, deep soil of fairly 
satisfactory texture and structure. The soil la affected by 
moderate erosion, wetness and salinity/alkalinity hazards and have 
been sub-divided into three sub-classes viz. LCC-IIe for the soil 
affected by erosion hazards; LCC-IIs for soil affected by 
salinity/alkalinity and LCC-IIw for soil affected by wetness. 
This soil series falls under Land Irrigability Class II 
characterised by loamy sand and clay texture, presence of gravels 
and kankars, moderate salinity, possess gentle to moderate slope 
drainage is external and water-table conditions are deep and 
shallow. 
Central Lowland Soil Series: 
The area covered under this soil series is about 14.90% of 
lOb 
the district. Geolocically it represents Alicarh Older Alluvial 
Formation and geoinorpholoeically it corresponds to Aligarh Older 
Alluvial Plain. 
The physical charactetlstica of this soil aeries show that 
it is light brown to grey in colour, silt loam to clay loam in 
texture and the degree of its development is senile. Due to poor 
drainage and canal irrigation water logging conditions have 
developed. Presence of Calcium Carbonate (CaCO^) concretions are 
also reported in the sub-soil. The extensive spread of the 
saline/alkaline soils have restricted cultivation on this soil 
series. Granometrically, it comprise 34.02% sand, 30.48*. silt and 
35.50% clay. Figure 37 (b) presents the soil profile of the 
Central Lowland Soil Series. 
The chemical characteristics of this soil series show Cation 
Exchange Capacity (CEC) 25.0%, Exchangeable Sodium Percentage 
(ESP) >15%, Hydrogen Ion Concentration (pH) >8.5, Electrical 
Conductivity (EC) 10.0 mmhoa/cm, Silica (Si02) 59.964, Alumina 
CAI2O3) 12.67%, Sodium Bicarbonate (NaHCOj) 0.50%, Phosphorus 
Oxide (P2O5) 0.017%, Potassium Oxide (K2O) 0.53%, Calcium Oxide 
(CaO) 1.22%, Iron Oxide (Fe203) 3.99% and Magnesium Oxide (MgO) 
0.60%. 
The range for Nutrient Index for NPK in this soil series is 
Nitrogen (N) 1.28-3.72%, Phosphorus (P) 1.87-4.40% and Potassium 
(K) 1.26-5.0%. 
This soil series is wide spread in the district and- falls 
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under Land Capability Class II, III and IV. This soil series 
posses varying characteristics of Land Capability Class and have 
eetitle to moderately steep slope of the land surface, deep soil 
with unstable structure and low water holding capacity. The soil 
corresponding to this soil series is affected by moderate to high 
erosion, wetness and moderate to high salinity/alkalinity and 
accordingly have been subdivided into three sub-classes viz. 
Land Capability sub-Class Ile/IIIe/IVe for soil affected by 
erosion, IIw/IIIw/IVw for the soil affected by wetness and 
IIs/IIIs/IVs for the soil affected by salinity/alkalinity hazards 
respectively. The soil of this capability class can be utilised 
for eucalyptus plantation, gracing practice, fishries development 
etc . 
The Central Lowland Soil Series falls under Land 
Irrigability Class II, III and IV has varying amount of coarse 
fragments, poor to fair drainage with generally deep water-table 
conditions. 
Eastern Lowland Soil Series: 
The area covered by this soil series is about 15.96% of the 
district. Geologically it represents Aligarh Older Alluvial 
Formation and Geomorphologically it corresponds to Aligarh Older 
Alluvial Plain. 
The physical characteristics of this soil series show that 
it is brown to yellowish brown in colour, loamy in texture and the 
degree of its development is senile. Presence of small Calcium 
11C> 
Carbonate (.CsCO^ ) concretions are also reported in the 8ub-8oil. 
Granometrically it comprise 49.18% sand, 32.35% silt and 18.46% 
clay. Figure 38 (a) presents the soil profile of the Eastern 
Lowland Soil Series. 
The chemical characteristics of this soil series show Cation 
Exchange Capacity CCEC) 15.50%, Exchangeable Sodium Percentage 
(ESP) <15-i, Hydrogen Ion Concentration (pH) 8.0, Electrical 
Conductivity (EC) 3.0 mmhos/cm. Silica (Si02) 77.05%, Alumina 
(AI2O.,) 14.04%, Sodium Bicarbonate (NaHC03) 0.014%, Phosphorus 
Oxide (.P2O5) 0-017%, Potassium Oxide (K2O) 0.52%, Calcium Oxide 
(CaO) 1.09";, Iron Oxide (Fe20'^) 3.72% and Magnesium Oxide (MgO) 
0.50% . 
The range for Nutrient Index for NPK in this soil aeries la 
Nitrogen (N) 1.30-3.98%, Phosphorus fP) 1.50-4.33% and Potassium 
(K) 2.17-7.32%. 
This soil series falls under Land Capability Class I and II, 
which have nearly levelled surface to moderate slope, deep and 
well drained with satisfactory texture and has high water holding 
capacity. It is also affected by moderate erosion, wetness and 
high salinity/alkalinity. The soil of this series can be utilised 
for intense grazing practice, wild life conservation, forest 
development (Brady, 1984). 
This soil series belongs to the Land Irrigabillty Class II 
which has loamy sand to clay texture, coarse fragments, external 
drainage and deep water-table conditions. 
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central Upland Soil Series: 
This soil series covers an area of about 14.58% of the 
district and represents Varanasi Older Alluvial Formation and 
geomorphologically it corresponds to Varanasi Older Alluvial 
Plain. 
The physical characteristics of the Central Upland Soil 
Series show that it is yellowish brown to dark yellowish brown in 
colour, loam to sandy loam in texture its degree of development is 
senile and possess good drainage. Granometrieally, it comprise 
55.80% sand, 33.72% silt and 14.40% clay. Figure 38 (b) presents 
the soil profile of the Central Upland Soil Series. 
The chemical characteristics of this soil series show Cation 
Exchange Capacity (CEC) 7.0%, Exchangeable Sodium Percentage (ESP) 
<15%, Hydrogen Ion Concentration (pH) 7.5, Electrical 
Conductivity (EC) 2.0 mmhos/cm, Silica (Si02) 74.20%, Alumina 
(AI2O3) 10,92%, Sodium Bicarbonate (NaHCOj) 0.09%, Phosphorus 
Oxide (P2O5) 0.011%, Potassium Oxide (K2O) 0.49%, Calcium Oxide 
(CaO) 0.58%, Iron Oxide (Fe203) 2.64% and Magnesium Oxide (MgO) 
0.60%. 
The range for Nutrient Index for NPK in this soil series is 
Nitrogen (N) 1.00-3.31%, Phosphorus (P) 1.00-4.30% and Potassium 
(K) 1.00-5.00%. 
This soil series falls under Land Capability Class I which 
has nearly levelled surface, deep and well drained with 
satisfactory texture and structure, has high water holding 
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capacity. The soil ie fertile in nature and is free of natural 
hazards like erosion, wetneaa, aalinlty/alkallnlty etc. The 
landuse over this soil series is mainly cultivation, however it 
can also be put to other usee like grazing practice, forest 
development, wildlife conservation etc. (Brady, 1984). 
This soil series belongs to the Land Irrigability Class I 
characterised by sandy loam to clay loam texture , coarse 
fragments, gentle slope, external drainage and deep water-table 
conditions. 
Eastern Upland Soil Series: 
The Eastern Upland Soil Series covers an area of about 
21.93% of the district and represents Varanasi Oldar Alluvial 
Formation. Geomorphologically it corresponds to Varanasi Older 
Alluvial Plain. 
The physical characteristics of this soil series show that 
it is light brown to dark yellowish brown in colour, sandy loam to 
loamy sand in texture, its degree of development is senile and has 
a well developed drainage with significant leaching. 
Granoroetrically, it comprise 65.45% sand, 20.05% silt and 14.35% 
clay. Figure 39 (a) presents the soil profile of the Eastern 
Upland Soil Series. 
The chemical characteristics of the soil series show its 
Cation Exchange Capacity (CEC) 9.05%, Exchangeable Sodium 
Percentage (ESP) <15%, Hydrogen Ion Concentration (pH) >8.0, 
Electrical Conductivity (EC) 2.15 mmhos/cm. Silica (SiOg) 69.53%, 
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Alumina (AI2O3) 14.Z9%, Sodium Bicarbonate (NaHCOs) 0.08\, 
Potaeeium Oxide (KgO) 0.62%, Phoaphoruss Oxide (P2°5^ 0.14%, 
Calcium Oxide (CaO) 0.48%, Iron Oxide (FegO^) 2.75% and Maenesium 
Oxide (MgO) 1.05%. 
The range of Nutrient Index for NPK for Eastern Upland Soil 
Series is Nitrogen (N) 1.00-4.76%, Phosphorus (P) 0.98-3.29% and 
Potassium (K) 1.00-5.00%. 
This soil series falls under Land Capability Class I, 
characterised by levelled surface, deep and well drained soil, 
high water holding capacity, satisfactory texture and structure. 
The soil is fertile in nature and free of natural hazards which 
aids in the good agriculture production. 
This soil series corresponds to Land Irrigability Class I and 
II, characterised by loamy sand to clay texture, presence of 
coarse fragments (5-15%), gentle slope, external drainage and deep 
water-table conditions. ^ 
Ueetern Upland Soil Series: 
The area covered under this soil series is about 18.35% of 
the district and geologically represents Varanasi Older Alluvial 
Formation. The geomorphic zone corresponding to this soil series 
is Varanasi Older Alluvial Plain. The physical characteristics of 
this soil series show that it is light brown to dark yellowish 
brown in colour, loam to sandy loam in texture, its degree of 
development is senile and has a well developed drainage with 
medium to high leaching. Granometrically, it comprise 53.13% sand. 
lie 
33.ie\ silt and 13.50% clay. Ficure 39 (b) presents the soil 
profile of the Ueatern Upland Soil Set-iea. 
The chemical characteristics of the soil aeries show its 
Cation Exchange Capacity (CEC) 10.50%, Exchangeable Sodium 
Percentage (ESP) <15%, Hydrogen Ion Concentration (pH) >7.6, 
Electrical Conductivity (EC) 4.00 mmhoa/cm, Silica (Si02) 65.11%, 
Alumina (AI2O3) 11.68%, Sodium Bicarbonate (NaHC03) 0.06%, 
Potaaaium Oxide (K2O) 0.09%, Phosphorus Oxide (P2O5) 0.65%, 
Calcium Oxide (CaO) 1.30%, Iron Oxide (Fe203) 4.50% and Magnesium 
Oxide (MgO) 0.45%. 
The range of Nutrient Index for NPK for Uestern Upland Soil 
Series is Nitrogen (N) 1.26-3.73%, Phosphorus C?) 1.24-4.63% and 
Potaaaium (K) 1.42%-6.0%. 
This Boil aeries falls under Land Capability Class I, 
characteriaed by levelled surface, deep and well drained aoil, 
high water holding capacity, satisfactory texture and structure. 
The aoil is fertile in nature and free of natural hazarda which 
aide in the good agriculture production. 
Thia aoil aeriea correaponds to Land Irrigability Claas I, 
characterised by loamy aand to clay texture, presence of coarse 
fragments (5-15%), gentle alope, external drainage and deep water-
table conditiona. Thia soil aeries supports good conditions for 
cultivation. 
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Chapter V 
G R O U N D U A T E R 
General S ta tement : 
The Bulandshahr district falls under Ganga-Yamuna Interfluve 
in the Gangetic Plain. The area is underlain by Quaternary 
alluvium which consists of alternate beds of sand, silt and clay 
with occassional development of kankar in the finer elastics. The 
groundwater in the study area occurs both, in confined and 
unconfined conditions in a multilayered aquifer system. The 
groundwater in the shallow aquifer down to a depth of EQ m bgl 
occur under water-table condition, and aquifers below 50 m bgl are 
generally semi-confined to confined in nature (Anon, 1994). 
The rainfall is the principal source of groundwater 
recharge, some recharge also takes place through irrigation return 
flow and seepage from Upper and Lower Ganga canals and their 
distributaries. Groundwater is the chief source of irrigation and 
domestic water supply in the district. The areas not covered by 
canals are irrigated through groundwater from the shallow and deep 
aquifers. Shallow aquifers in the study area occur upto a depth of 
SO m, bgl ranging in thickness from 2 m to 32 m and consists of 
fine to medium sand with groundwater occuring under water-table 
conditions (Fig. 40). The heavy withdrawl of groundwater from 
shallow aquifers in excess of the annual recharge has resulted in 
the declining trend of water level, and has led to the 
exploitation of water from deeper aquifers (Anon, 1994). The 
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deeper aquifers lie below the depth of 50 m to a depth of 153 in, 
and range In thickness from 3 m to 60 m and are semi-confined to 
confined In nature. The minimum depth to water-table was 1.70 m 
bgl, which was found in village Shamshannagar of Khurja Tahsil, 
and the maximum depth to water-table was 17.20 m bgl found at 
Kanai village of Khurja Tahail, as measured during pre-monaoon 
(1993), in the post-monsoon period (1993) the minimum depth to 
water-table was 1.05 m bgl in Kalakhuri village of Khurja Tahail 
and maximum depth was 16.8 m bgl in Kanai village of Khurja 
Tahsil. Figures 41 and 42 show the depth to water-table in pre-
monsoon and post-monsoon respectively in Bulandshahr district. 
Hydro-geofnorphic Zonnation: 
For integration of natural resource informatics for Land 
System Studies, collateral data like annual rainfall, pre and 
post monsoon groundwater data, groundwater recharge data, 
lithology etc. were used for integration of groundwater and 
geomorphological characteristics to prepare hydro-geomorphological 
zonnation map (Roy, 1981) of Bulandshahr district (Fig. 43). 
Geomorphic features were related to the groundwater potential to 
map hydro-geomorphic zones from the remotely sensed data using 
spectral reflectance, geotechnical characters and photographic 
elements as recognition elements (Singh and Roy, 197S; Roy, 1991). 
Table 9 presents the details of Hydro-geomorphic zones, 
landform elements, depth to water-table and groundwater prospects 
of hydro-geomorphic zones. 
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Table 9 presents the details of hydro-ceomorphic zones in 
Bulandahahr district. 
Hydro-geomorphlc Landtorin Depth of Groundwater 
Zone A,K.'/T elements water-table fbgl) prospects 
Recent Flood Abondoned channels 2 m to 10 m Excellent to 
Plain Cut-off meanders, very good 
channel scars, point (4150 1pm to 
bars, channel bars, 4290 1pm) 
TQ terrace. 
Terrace Zone Meander scars, 3 m to 12 m Very good to 
abandoned channels, good (2454 
ponds, Tj and 12 Ip" *° 4350) 
terraces. 
Aligarh Older palaeo-channels, 4 m to 14 m Very good a]ong 
Alluvial Plain channel scars. palaeo-channela 
moderate else-
where, saline 
in areas of 
soil salinity 
(2430 Ipffl to 
4270 1pm) 
Varanaai Older palaeo-channels, 6 m to 15 m Generally good 
Alluvial Plain channel scars, at places poor 
palaeo-tals. due to loss of 
upper aquifer 
(1530 1pm to 
3475 1pm) 
The details of the four hydro-geomorphic zones which have 
been identified in the study area, are as under: 
Varanaei Older Alluvial Plain: 
The depth to water-table ranges from 6 m to 15 m bgl in this 
geomorphlc zone, however in canal command areas because of the 
constant recharge of the aquifer through canals, the depth to 
water-table varies from 3 m to 5 m bgl. The groundwater occurs 
^ ^ 'i 
vmder confined and eemi-confined aquifers consistine of thick vand 
layers with intercalation of clay. At feu places the wells have 
become dry due to the exces£sive withdrawl of groundwater from the 
upper aqultet- which has led to groundwater mining. However, the 
middle and lower aquifers have good groundwater prospects. The 
groundwater discharge varies from 1530 1pm to 3475 1pm. 
The aquifer characteristics/parameters have been determined 
(Appendix VIII) using Logan's (1964) Formula taking into account 
the discharge and drawdown to determine the Transmissibi1ity (T), 
wljich is utilised to calculate the Hydraulic conductivity (K) of 
the aquifer. The results show that Transmissibility (T) ranges 
2 2 
1Tom 466.0 m /day to 912.83 m /day with an average value of about 
2 74Ei.51 m /day. The Hydraulic conductivity (K) of the aquifer 
ranges from 18.87 m/day to 34.51 m/day with an average of 24.81 
m/day and indicate permeability of the porous media. The Specific 
yield (Sy) varies from 15.47% to 19.86% with an average value of 
18.85%. The Hydraulic gradient (dh/dl) values range from 0.09 m/ktn 
to 1.0 m/km. This hydro-geomorphic zone occurs at high elevation 
forming upland surface. 
Aligarh Older Alluvial Plain: 
This plain represents flood plain deposits of an earlier 
north-flowing palaeo-drainage system. Palaeo-channels and scars 
can be seen over this surface which are generally covered by 
agricultural crops. The depth to water-table ranges from 4 m to 14 
m bgl it is shallow along the palaeo-channels and channel scars 
1/b 
which form cood croundwater potential sonee. The croundwater 
quality is poor in areass affected by soil salinity/alkalinity. The 
aquifer zone is formed by alternate layers of eand and clay with 
occassional development of kankar, in the finer elastics. 
The discharge from the aquifers range from 2430 Ipw to 4270 
1pm. The aquifer parameters (Appendix VIII) show that the 
2 2 
Transmissibility (T) ranges from 503.66 m /day to 849.59 in /day 
2 
with an average value of 706.45 m /day. The Hydraulic conductivity 
CK) varies from 22.69 m/day to 32.06 m/day with an average value 
of 28.75 m/day. The Specific yield (Sy) of the aquifer ranges from 
18.60% to 28.62?; with average value of 24.03%. The Hydraulic 
gradient (dh/dl) ot this hydro-geomorphic zone varies from 0.33 
m/km to 0.83 m/km. This hydro-geomorphic zone lies at a low 
elevation and forms low lying plain. This zone is also affected by 
local water logging conditions in canal command areas, where we 
find shallow (<4 m) water-table conditions. 
Terrace Zone: 
This surface forms the palaeo-flood plain deposits of Ganga 
and its tributary streams and posses very good groundwater 
potential. The depth to water-table ranges from 4 m to 12 m bgl 
with sand and clay forming the aquifer zone. The map showing depth 
to water-table clearly demarcates the gradual declining trend of 
water-table from north to south along the courses of Ganga and 
Yamuna rivers. 
The croxmdwster diecharc© from this cone varies from Z454 
Ipm to 4350 Ipw. The aquifer parameters (Appendix VIII) of this 
2 
zone show that the Transmissibi1ity (T) varies from 658.42 m /day 
to 810.30 m^/day with an average of 734.36 m^/day. The Hydraulic 
conductivity (K) varies from 29.54 m/day to 30.85 m/day, which 
suggest more or less uniform alluvial material with an average 
value of 30.19 m/day. The Specific yield (Sy) of the aquifer of 
this zone is about 24.47%. The Hydraulic gradient (dh/dl) ranges 
from 0.18 m/km tu 0.83 m/km. This zone is considered the potential 
zone for future groundwater development. 
Recent Flood Plain: 
This zone constitutes the active channel o£ the Ganga and 
Yamuna rivers and adjacent low lying areas, which are periodically 
inundated during floods, depositing the unconsolidated materials 
carried by them. This is a recharge zone and water-table is 
shallow in nature, at few places it is 2 m bgl because of the 
effluent nature of the Ganga and Yamuna rivers. Groundwater 
prospects are very good to excellent, and it can be developed 
easily at shallow depth with installation of hand tube-well or 
shallow depth tube-well. The groundwater discharge from this zone 
is highest and amount to 4150 1pm to 4290 1pm. The Hydraulic 
gradient (dh/dl) range from 0.19 m/km to 0.66 m/km. 
Groundwater Development: 
A number of groundwater troughs in water-table contour map 
(Fig. 44) of the study area have been observed, which indicate 
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many centrep of heavy wi-thdiawl of croundwater in the district. 
Groundwater development in the district has been taken up in a big 
way through dug-wells, aViallow and deep tube-welle. Deep water-
table conditions are observed in the south-east, central and south 
central parts of the district. The quantum of groundwater 
withdrawl from the tube-well is much higher than the amount of 
average annual recharge in these areas, which has resulted in the 
decline of the water-table. A number of dug-wells in these areas 
have gone dry and hence they fall under dark or critical category 
(Anon, 1994) which indicate more than &Sh utilization of 
groundwater. 
The gross available groundwater potential in the district is 
143172.2 ha m, out of which 21475 ha m is reserved for drinking 
and industrial uses. Table 10 presents the details of the block 
wise groundwater resource potential and status of its development 
in Bulandshah.r district. 
It is observed that the Bulandshahr district as a whole 
falls under 'Grey' category, since the status of groundwater 
development as per NABARD'S norms is 68%. Sincere efforts and 
measures should be taken by central and state government agencies 
for its optimum utilisation and to curb the continuous declining 
trend of water-table. 
Tafcle 10 Block wise groundwater resource polmlial and slage of ils developmenl in Bulandshahr dislricl 
(after ftnon, 1994). 
Block Name Area Gross annual GU polenlial UUlisaLle GW Yearly net Balance GW Level Calejory 
ha. GW resource for drinking resource for GU drafV resource GW devp. 
ha.n S industry irrigation (irrigation) potential ('/.) 
ha.A ha.n 70"/. of gross (irrigation) 
ha.It ha.Ri 
Bulandshahr 22278 11710.8 
Gulaothi 15102 4775.5 
Lakhauli 21696 4157.4 
Shikarpur 26632 2702.0 
Khurja 28382 5975.6 
Pahasu E7411 7420.0 
Jewar 36624 12207.8 
Arniya 24475 13675.5 
Sikandrabad 34900 12033.3 
Dankaur 42502 18932.9 
Anupshahr 27149 9224.2 
Debai 24085 14331.8 
Danfmr 21796 3752.8 
Siyane 18467 6722.6 
B.B. Nagar 17621 4688.5 
Jahangirabad 21784 6275.4 
Unchagaon 20632 4586.3 
Total 143172.2 
1756.6 
716.3 
623.6 
405.3 
896.3 
1113.0 
1831.1 
2051.3 
1604.9 
2839.9 
1383.6 
2149.7 
562.8 
1008.3 
703.2 
941,3 
687.9 
21475.1 
9954.2 
4059.2 
3533.6 
2296.7 
5079.3 
• 6207.0 
1C3"?t.7 
11624.2 
10226.4 
16093,0 
7640.6 
12162.1 
3189.8 
5714.3 
3985.3 
5334.1 
3898.4 
121697.1 
4030.3 
3213.2 
4662.1 
5607.1 
3467.1 
4712.6 
5204,9 
2859.6 
6104.1 
5441.9 
3346.2 
2684.0 
6010.9 
5075.2 
6663.9 
8012.4 
4781.4 
83899.4 
5923.9 
646.0 
(-)1126.9 
(-)3310.3 
1612.2 
1593,4 
5171.6 
6764.6 
4124.3 
10651.0 
4492.4 
9498.1 
(-)2821.C 
639.1 
(-)4698.6 
(-)2678.3 
(-)683.0 
37727.7 
40.5 
79.1 
131.9 
244.1 
68.0 
74.7 
50.1 
24.6 
59.6 
33.8 
42.7 
22.0 
188.0 
68.8 
217.8 
150.2 
122.6 
662 
White 
Grey 
Dark 
Dark 
Grey 
Grey 
White 
White 
White 
White 
White 
White 
Dark 
Dark 
Dark 
Dark 
Dark 
Grey 
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Chapter VI 
DIGITAL IMAGE PROCESSING 
General Statement: 
The introduction of electro-optical and scanning systems in 
remote sensing has facilitated the information collection as 
digital numbers (Dn values), recorded by the sensors as bits of 
information, represented by the picture elements (pixels). Their 
geographical positioning is determined by rows and columns in 
terms of x and y coordinate systems. The electro-magnetic 
radiation (EMR) signatures of pixels are recorded as numeral 
values ranging from 0 to 255 corresponding to the 256 grey levels 
(Gonzalez and Uintz, 1987; Sabins, 1987). The digital image 
processing technique involves mathematical operations to convert 
Dn values into new grey levels to generate geometrically 
corrected, spatially correlated and tonaly enhanced image of an 
area, which facilitates information extraction in respect of 
various themes. The remotely sensed data are usually available on 
electronic medium in the form of Computer Compatible Tapes (CCTs) 
and floppy diskets which are subjected to machine processing. The 
Digital Image Processing (DIP) involves image restoration, image 
enhancement and information extraction techniques by using 
dedicated hardwares and softwares. 
Image Enhancement: 
The present study has utilised Indian Remote Sensing 
Satellite (IRS-IA) digital data of LISS II (path-row. 28-48) L2 A2 
]3] 
eubecene with resolution of 36.25 m recorded on 3rd May, 1991. The 
data were obtained from National Remote Sensing Agency (NRSA) 
Hyderabad, on CCTs. The image processing work was carried out at 
Regional Remote Sensing Service Centre (RRSSC) Dehradun on UNIX 
based EASIPACE image processing system. A window of 1024 x 1024 
scanlines-pixels was selected for processing to get digitally 
enhanced products. The window chosen for DIP represents the 
western part of the Bulandshahr district covering parts of Yamuna 
micro-watershed. The enhancement operations were carried out to 
improve the interpretabi1ity of the image by increasing apparent 
contrast among various features in the scene. The digital image 
processing products comprise single band images. False Colour 
Composites (FCCsD, Ratio images, Filtered images. Principal 
Component CPC) analysis, Histogram equalization, and Hue-Intensity 
Saturation (HIS) transformation images (Hord, 1982; Cuuran, 1985; 
Jensen, 1986; Gonzalez and Uintz, 1987; Lillesand and Kiefer, 
1987; Pratt, 1987; Sabins, 1987; Harrison, 1990; Kudrat, 1990a). 
Single Band Images: 
Individual single band images were generated for all the 
four bands i.e. Band 1, Band 2, Band 3 and Band 4 (Plates 11 to 
14). Band 1 image represents EMR in the region of 0.45 Um to 0.52 
Urn. Band 2 image represents EWR in the region of 0.52 Um to 0.59 
Um, Band 3 represents EMR in the region of 0.62 Um to 0.68 Um and 
Band 4 represents EMR in the region of 0.77 Um to 0.86 Um. Table 
11 presents the enhancement and contrast position of various 
Plate 11 IRS-IA LISS 2 image of Band 1 over the western 
part of the study area. 
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Plate 12 IRS-IA LISS 2 image of Band 2 over the western 
part of the study area. 
i. 
Plate IJ IRS-IA LISS 2 inia,ce of Band 3 over the western 
part of the study area 
Plate 14 IRS-IA LISS 2 image of Band 4 over the western 
part of the study area 
J :^ •) 
themes in bands 1, 2, 3 and 4 respectively. 
Table 11 presents the enhancement and contrast position of various 
themes in four bands of IRS-lA-
Themes Recognition position of themes 
Band 1 Band 2 
(G) 
Band 3 
(R) 
moderate 
good 
good 
good 
V.good 
v.good 
moderate 
moderate 
V.good 
good 
Band 4 
(IR) 
poor 
v.good 
V.good 
good 
V.good 
poor 
poor 
poor 
poor 
poor 
Roads good 
Railwaylines moderate 
Canals 
Settlements 
Uater bodies 
Biomass 
Cropland 
Soils 
Geomorphic 
features 
Industrial 
bunits 
good 
good 
poor 
moderate 
good 
V.good 
moderate 
moderate 
v.good 
moderate 
good 
moderate 
good 
good 
v.good 
moderate 
good 
v.good 
Roade: Road network is well represented on Band 1 (Plate 11) and 
Band 2 (Plate 12) images. The mettaled roads are clearly 
identified on images but the unmetalled roads are difficult to be 
identified due to their poor reflectance, curvilinear pattern and 
limitation of resolution, as a result of which the unmetalled 
roads are indistinguishable from the agricultural lands. In the 
red and infra red (IR) portions of EMR the signatures are weak. 
The identification of roads is moderate for Band 3 image (Plate 
13) and poor for Band 4 image (Plate 14). 
Railway lines: Railway lines are identified by their overall 
linear pattern, although individual tracks are not distinguishable 
on the images. The railway line cuts across the roads and passes 
over the rivers and streams. Its degree of identification is 
135 
moderate in Band 1 (Plate 11) and Band Z (Plate 123 iroauee. fiood 
for Band 3 image (Plate 13) and very good £or Band 1 image (Plate 
14). In the IR region of EMR the railway line is recoenised by its 
high contrast with adjacent areas. 
Canal a: Main canals are represented by dark grey tone and 
distributaries are having light grey tone. Their degree of 
identification is good for Band 1 (Plate 11), Band 2 (Plate 12) 
and Band 3 (Plate 13) images and very good for Band 4 image (Plate 
14). The main canals and distributaries are clearly picked up in 
the IR region of EMR. 
Settlemente: This landuse category is identified by their regular 
shape and pattern, association with roads and highways and 
extensive agricultural activity around these areas. They are 
represented by slightly darker hue on Band 1 (Plate 11) and Band 2 
(Plate 12) images. In Band 3 image (Plate 13) the settlements are 
recognised by dark tone but the contrast is not marked due to the 
surrounding biomass around settlement boundaries. In the Band 4 
image (Plate 14) settlements and small villages are distinguished 
by their very dark tone. The degree of their identification is 
good for Band 1 (Plate 11), Band 3 (Plate 13) and Bnad 4 (Plate 
14) images and moderate for Band 2 image (Plate 12). 
Mater bodies: The water bodies are identified on the image by 
their dark hue due to their low or negligible reflectance and 
their sharp contrast with the land reflectance. The study area 
shows number of water bodies i.e. Yamuna river, Hindon river and 
13(. 
their aesociated ox-bow lakes/cut-off meandere etc. They are 
poorly exhibited on Band 1 image (Plate 1 1 ) , their degree o£ 
identification is good for Band 2 image (Plate 12) and very good 
for Band 3 (Plate 13) and Band i (Plate 14) images. 
Biomaaa: The identification of biomass cover is beet on Band 3 
image (Plate 13). The Band 2 image (Plate 12) is also suitable for 
biomass recognition, whereas Band 1 image (Plate 11) has moderate 
degree of identification and Band 4 image (Plate 14) is poor for 
biomass recognition. 
Cropland; This landuse category is widespread in the study area. 
The best band for its identification is Band 2 (Plate 12), where 
it is recognised by dark hue. The degree of its identification is 
good for Band 1 (Plate 11), moderate for Band 3 (Plate 13) and 
poor for Band 4 (Plate 14) as the contrast between cropland and 
other landuse categories is least. 
Sella: The Band 1 image (Plate 11) is most suitable for soil 
mapping to distinguish various kinds of soils. It is suitable for 
determining the degree of salinity, moisture and soil/ vegetation 
differentiation. The Band 2 (Plate 12) and Band 3 (Plate 13) 
images are also useful for soil mapping. The Band 4 image (Plate 
14) is least useful for soil mapping applications. 
Geomorphic features: The various geomorphic features present in 
the study area include ox-bow lakes/cut-off meanders, point 
bars/channel bars, abandoned channels etc. 
(i) Ox-bOM lakes/cut-off meanders: They are identified by their 
137 
arcuate shape and pattern, aPsociation with the flood plain of the 
rivers in dark grey tone as isolated bodies of water. The Band 2 
(Plate 12) and^  Band 3 (Plate 13) images are moat suitable for the 
identification of these landform features. They are moderately 
exhibited on Band 1 image (Plate 11) and their contrast is least 
in Band 4 image (Plate 14), as they Intermixed with the Yamuna 
river and its flood plain. 
(ii) Point bars/channel bars: They are recognised by their 
association with the river channel and meandering course of the 
river, as they are the characteristic landform features of the 
active flood plain. The Band 2 image (Plate 12) is best suited for 
recognition of point bare/channel bars. The Band 3 image (Plate 
13) also exhibit these features very well but they are difficult 
to be separated on Band 1 (Plate 11) and Band 4 (Plate 14) images, 
(iii) Abandoned channels: They are identified on the digital 
images by their curvilinear pattern, high moisture content and 
devoid of human activity. These features are beat exhibited on 
Band 3 image (Plate 13). Their degree of identification is good 
for Band 2 image (Plate 12) and moderate for Band 1 (Plate 11) and 
Band 4 (Plate 14) images. 
Industrial units: Industrial areas are recognised by their regular 
shape and pattern and sharp boundary outlines. Industrial units 
are picked up on digital ijnagea and recognised along the G.T. 
road, NU of Sikandrabad town. They are best recognised on Band 2 
image (Plate 12) followed by Band 3 image (Plate 13). Their degree 
IBS-
Plate 15 IRS-IA LISS 2 image, a true colour composite 
of bands 342. 
Plate 16 IRS-IA LISS 2 image, standard False Colour 
Composite (FCC) of bands 432. 
Plate 17 IRS-IA LISS 2 FCC of bands 431 
Plate 18 IRS-IA LISS 2 FCC of bands 124. 
i . i 
Plate 19 IRS-IA LISS 2 FCC of bands 231 
4 r ^^ •- ' 
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Plate 20 IRS-IA LISS 2 FCC of bands 321 
Table 12 presents the enhanccMnt and contrast position of various theaes as 
observed on colour coiposites. 
^4.2 
Theaes 
Roads 
Railwaylines 
Canals 
SeUlcients 
Uater bodies 
Bioaass 
Cropland 
Soils 
Geoaorphic 
features 
Industrial 
units 
342 
good 
good 
v.good 
loderate 
good 
good 
v.good 
v.good 
good 
v.good 
432 
good 
good 
v.good 
v.good 
v.good 
good 
v.good 
v.good 
v.good 
v.good 
Band coidtinations 
431 
•oderatt 
good 
good 
good 
good 
•oderate 
good 
good 
good 
v.good 
124 
ioderate 
good 
•oderate 
•oderate 
•oderate 
•oderate 
poor 
good 
v.good 
v.good 
231 
•oderate 
good 
good 
•oderate 
•oderate 
good 
•oderate 
•oderate 
good 
good 
321 
good 
good 
good 
good 
•oderate 
good 
•oderate 
good 
good 
good 
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i.e. bands 342 (Plate 15) and FCCs of bands 432 (Plate 16) and 
bands 321 (Plate 20). They are moderately identified on FCCa with 
bands «31 (Plate 17), bands 124 (Plate 18) and bands 231 (Plate 
19) combinations. 
Railway linea: This landuse category has uniform degree of 
identification and is easily recognised on all the colour 
composites. In the present study area the Delhi-Howrah railway 
line passes almost through the centre of the scene (Plates 15-20). 
Canals: The study area has a well developed canal network, few of 
them are seen in Plates 1&-20. They are distinguished on the FCCa 
by their linearity and associated distributary canals. At places 
high moisture areas are developed in proximity of canals, which 
helps to distinguish them from other linear elements like 
railwaylines and highways. 
Settlements: This landuse category is beet exhibited on FCC with 
bands 432 (Plate 16) i.e. standard FCC, as they possess a good 
contrast with the surrounding agricultural areas. FCCs with bands 
431 (Plate 17) and bands 321 (Plate 20) are also useful for 
settlement mapping. The true colour composite (Plate 15) has a 
moderate degree of identification. In the FCCs with bands 124 
(Plate 18) and bands 231 (Plate 19) they are inter mixed with the 
surrounding agricultural lands due to poor contrast between them. 
Uftter bodies: The best FCC combination for water bodies 
identification is bands 432 (Plate 16), where they possess sharp 
contact and good contrast. The other combinations i.e. bands 342 
14., 
(Plate 15) and bande 431 (Plate 17) are also cood lor water bodiee 
delineation. The rest of the FCCa i.e. bands 124 (Plate 18), bands 
231 (Plate 19) and bands 321 (Plate 20) are not very useful for 
identification and mapping of water bodies. 
Biomaas: This category of landuse is exhibited on all the colour 
composites, but the combinations suitable for its mapping are 
bande 342 (Plate 15), bands 432 (Plate 16), bands 431 (Plate 17) 
and bands 321 (Plate 20). It is moderately represented on FCCs 
with bands 124 (Plate 18) and bands 231 (Plate 19). 
Cropland: This is the most important and very well developed 
landuse category in the study area, which has a basically agi'o-
baaed economy. The cropland is widespread as evidenced on FCCe. 
Plate 15 is a true colour composite which shows cropland areas in 
green colour spread all over the scene, the same cropland areas 
are exhibited by a bright red hue on FCC with bands 432 (Plate 
16). These two images are best suited for cropland areas as well 
as Identifying healthy crops and crops affected by diseases. FCC 
with bande 431 (Plate 17) is also good for cropland, but FCC with 
bands 124 (Plate 18) is poor due to the poor contrast among the 
features adjoining the cropland. Other FCCs with bands 231 (Plate 
19) and bands 321 (Plate 20) are moderately suited for cropland 
study. 
Soile: The best combinations suited for soil mapping and 
identification are bands 342 (Plate 15) and bands 432 (Plate 16), 
as they are identified on the basis of their reflectance, moisture 
content, association and vecetation cover. FCCs with bands 431 
(Plate 17), bands 124 (Plate IS) and bands 321 (Plate 20) are also 
good for soil mapping. The saline soils, soils with high moisture 
content and normal agricultural soils are picked up by hue 
contrast. In FCC 431 (Plate 17) the saline soils are white, the 
locked up moisture is represented by blue hue, its intensity is 
directly proportional to the moisture content and the agricultural 
land with biomasa exhibits orange hue. The intensity of orange 
reflects the presence of crop in the agricultural fields. In FCC 
342 (Plate 15) the saline soils are white, the locked up moisture 
is represented by violet hue, its intensity is directly 
proportional to the moisture content and the agricultural land 
with biomass exhibits natural green hue as we observed on the 
land. The intensity of green reflects the presence of crops in the 
agricultural fields. In FCC 432 (Plate 16) the saline soils are 
represented by white, the locked up moisture is represented by 
blue hue, its intensity is directly proportional to the moisture 
content and the agricultural land with biomass exhibits orange 
hue. The intensity of orange reflects the presence of healthy 
crops in the agricultural fields. In FCC 124 (Plate 18) saline 
soils are white, the locked up moisture is represented by 
yellowish brown hue and agricultural land with biomass exhibits 
dark grey hue with low contrast. In FCC 231 (Plate 19) it is not 
possible to distinguish soil moisture to map the Aligarh Older 
Alluvial Formation though Yamuna Khadar is discernable. In FCC 321 
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CPlate 20j saline soils are white, the locked up moisture is 
represented by light blue hue and the agricultural land with 
biotnass is represented by dark grey hue. 
Geoaorphic featurea: Geomorphic features are well represented on 
almost all the colour composites, they include ox-bow lakes/cut-
off meanders, point bars/channel bars, abandoned channels etc. The 
best band combinations for the study of geomorphic features are 
bands 432 fPlate 16) and bands 124 (Plate 18). The other 
combinations with bands 342 (Plate 15), bands 431 (Plate 17), 
bands 231 (Plate 19) and bands 321 (Plate 20) are also useful for 
the study of landform features. 
Industrial unite: Industrial units are very well recognised on 
almost all the colour composites by their regular shape and sharp 
boundary outlines. They are located on the NU of Sikandrabad town 
along the G.T. road as seen on the images (Plates 15-20). 
Ratio Images: 
The six combinations of the ratios of the Dn values of 
bands 1, 2, 3 and 4 were assigned as ratios 1 to 6. These ratio 
images were obtained by division of the brightness values of 
pixels in one band by the brightness values of pixel in the other 
band within the scene (Gillespie, 1960; Siegal and Gillespie, 
1980; Holben and Justice, 1981; Hord, 1982; Jensen, 1986; Sabins, 
1987). 
Several combinations of band ratios are possible but in the 
present study after an initial scanning the six ratios listed 
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]if.lov were found to be more representative and have been used for 
generation of the ratio images (Plates 21-26). 
ratio 1 band 1/band 2 
ratio 2 band 1/band 3 
ratio 3 band 1/band 4 
ratio 4 band 2/band 3 
ratio 5 band 2/band 4 
ratio 6 band 3/band 4 
The potential advantage of the band ratioing is that, 
greater contrast between or within classes may be obtained for 
certain patterns of spectral signatures (Schowengerdt, 1983; 
Kaiale et al., 1965; Kunte, 1990; Pratt, 1991). Ratioing is a non-
linear operation which has the property of cancelling or 
minimizing positively correlated variations in the data while 
emphasising negatively correlated variations (Swain and Davis, 
1987; Kunte, 1990). Table 13 presents the enhancement and contrast 
position of various themes in ratio images. 
Roads: The ratio images reduce the contrast between the road and 
associated landuse category and hence they are not suited for 
mapping the roads. Their degree of identification is moderate for 
band 1/band 2 (Plate 21), band 1/band 3 (Plate 22), band 2/band 3 
(Plate 24) and band 3/band 4 (Plate 26). It is poorly identified 
on band 1/band 4 (Plate 23) and band 2/band 4 (Plate 25). 
Railway lines: Railway line is also gets intermixed with other 
landuse categories on ratio images and hence is difficult to be 
i l l 
Plate 21 IRS-IA LISS 2 band 1/band 2 image 
Plate 22 IRS-IA LISS 2 band 1/band 3 image. 
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Plate 23 IRS-IA LISS 2 band 1/band H image. 
Plate 24 IRS-IA LISS 2 band 2/band 3 image 
Plate 25 IRS-lA LISS 2 band 2/band 4 imaee. 
Plate 26 IRS-IA LISS 2 band 4/band 3 imaee. 
Table 13 presents the enhanceient and contrast position of various thetes in 
ratio iiages. 
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Theies 
Roads 
ratio 1 
band 1/2 
nderate 
Railwaylines poor 
Canals 
Settleients 
Hater bodie< 
Bioitass 
Cropland 
Soils 
Geotorphic 
features 
Industrial 
units 
good 
poor 
> Hderate 
•oderate 
poor 
poor 
good 
Mderate 
ratio 2 
band 1/3 
loderate 
•oderate 
good 
Moderate 
poor 
Moderate 
Moderate 
poor 
Moderate 
poor 
ratio 3 
band 1/4 
poor 
poor 
good 
good 
poor 
good 
good 
good 
Moderate 
poor 
ratio 4 
band 2/3 
Moderate 
poor 
Moderate 
poor 
Moderate 
poor 
Moderate 
poor 
good 
Moderate 
ratio 5 
band 2/4 
poor 
poor 
Moderate 
good 
good 
good 
good 
good 
Moderate 
good 
ratio b 
band 3/4 
Moderate 
Moderate 
poor 
Moderate 
poor 
good 
Moderate 
poor 
poor 
poor 
separated. It is somehow recoeniaed on band 1/band 3 (Plate 22) 
and band 3/band 4 CPlate 26) Images but for other ratio images it 
is invisible or dieappers due to low contrast (Plates 21, 23, 24, 
and 25). 
Canals: Canals are enhanced on ratio iroafies namely, band 1/band 2 
(Plate 21), band 1/band 3 (Plate 22) and band 1/band 4 (Plate 23) 
images. These are suppressed on band 2/band 3 (Plate 24) and band 
2/band 4 (Plate 25) images and are moderately represented, but for 
band 3/band- 4 (Plate 26) the contrast is least and boundaries are 
not sharp enough to draw a line between canals and associated 
landuse. 
Settlements: This landuse category is poorly discernable on band 
l/band 2 (Plate 21) and band 2/band 3 (Plate 24) images, 
moderately represented on band 1/band 3 (Plate 22) and band 3/band 
4 (Plate 26) images and very clearly on band 1/band 4 (Plate 23) 
and band 2/band 4 (Plate 25) images. The best ratio image for 
settlement study is band 2/band 4 image (Plate 25) where 
settlement areas are exhibited ae small clusters of patches with a 
light grey tone and irregular boundary outlines. 
Hater bodies: These are poorly recofinisable on band 1/band 3 
(Plate 22), band 1/band 4 (Plate 23) and band 3/band 4 (Plate 26) 
images, moderately recognised on band 1/band 2 (Plate 21) and band 
2/band 4 (Plate 24) images and well identified on band 2/band 4 
(Plate 25) image, which is most suitable for their identification 
and mapping. 
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Biomaea: It is poorly recofinised on band 2/band 3 (Plate 24) 
image, moderately recognisable on band 1/band 2 CPlate 21^ and 
band 1/band 3 fPlate 22) images. The most suitable ratio images 
for biofliaes study are band 1/band 4 (Plate 23), band 2/band 4 
(Plate 25) and band 3/band 4 (Plate 26) where it is well 
recognised. 
Cropland; This is the most dominant landuse category and is poorly 
discernable on band 1/band 2 (Plate 2 1 ) , moderately exhibited on 
band 1/band 3 (Plate 22) and band 2/band 4 (Plate 25) images and 
well recognised on band 1/band 4 (Plate 23) and band 2/band 4 
(Plate 25) images. This landuse category exhibits: light grey tone 
on band 1/band 2 (Plate 2 1 ) , band 1/band 3 (Plate 2 2 ) , band 2/band 
3 (Plate 24) and band 3/band 4 (Plate 26) images and dark grey 
tone on band 1/band 4 (Plate 23) and band 2/band 4 (Plate 25) 
images. 
Soila: This landcover category is suppressed on band 1/band 2 
(Plate 2 1 ) , band 1/band 3 (Plate 2 2 ) , band 2/band 3 (Plate 24) and 
band 3/band 4 (Plate 26) images and is difficult to be mapped or 
identified due to the poor contrast and low reflectance. But soil 
conditions are best represented on band 1/band 4 (Plate 23) and 
band 2/band 4 (Plate 25) images which may lead to their mapping 
and Identification due to the apparent contrast among features on 
the land. 
Geomorphic features: The geomorphic features like ox-bow 
lakes/cut-off meanders, point bars/channel bars, abandoned 
l^ 'l 
channels, scare etc. are recocnised on ratio imaaes. These 
features are enhanced on band 1/band 2 (Plate 21^ and band 2/band 
3 (Plate 24) images. They are moderately recognised on band 1/band 
3 (Plate 22), band 1/band 4 (Plate 23) and band 2/band 4 (Plate 
25) images. These features are suppressed on band 3/band 4 (Plate 
26) image due to the poor contrast among various land and water 
features. 
Industrial units: This landuse category is poorly recognised on 
band 1/band 3 (Plate 22), band 1/band 4 (Plate 23) and band 3/band 
4 (Plate 26) images and moderately discernable on band 1/band 2 
(Plate 21) and band 2/band 3 (Plate 24) images. The best ratio 
suited for their identification is band 2/band 4 (Plate 25) image. 
Filtering Operations: 
Spatial filtering is a pixel by pixel transformation of an 
image which depends on the grey level of the pixels concerned as 
well as the grey level of the neighbourhood pixels (Schrieiber, 
1978; Hord, 1982; Jensen, 1986; Gonzalez and Uintz, 1987; Sabins, 
1967). The filtering operation is a procedure in which grey value 
of a pixel is altered according to its relationship with respect 
to the grey levels of the neighbouring pixels (Gillespie, 1980; 
Mather, 1987). The present study has utilised three types of 
filtering operations namely, Median filter, Laplacian filter and 
Prewitt edge filter (Plates 27-29), the results are presented in 
Table 14. The filtering operations were performed on FCC with band 
combinations 432 and the output is shown in Plates 27-29. 
Plate 27 IRS-IA LISS 2 image (Median filter) 
Plate 28 IRS-IA LISS 2 image (Laplacian filter). 
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P l a t e 29 IRS-IA LISS 2 image tP t -ewi t t Edge f i l t e r ' } 
Roads 
Railwaylines 
Canals 
Settlements 
Uater bodies 
Biomass 
Cropland 
Soils 
Geomorphic 
features 
Industrial 
units 
Median 
good 
good 
good 
moderate 
good 
good 
good 
moderate 
moderate 
moderate 
Laplaciai 
V.good 
V.good 
v.good 
v.good 
v.good 
V.good 
V.good 
moderate 
good 
V.good 
Table 14 presents the enhancement and contrast position of 
various themes in filtered images. 
Themes Filtering Operations 
Prewitt edge 
moderate 
moderate 
good 
poor 
poor 
poor 
poor 
poor 
V.good 
poor 
Roads: They are very well exhibited on imaee ceneratpd by usine 
Laplacian filter (Plate 28), the matrix is given on the image. 
Median filter has a low contrast enhancement for roads (Plate 27) 
and Prewitt edge filter further reduces the contrast resulting in 
moderate degree of identification (Plate 29). 
Railvaylinea: This landuse category is well represented on median 
filtering image (Plate 27), but Laplacian filter is best suited 
for its identification (Plate 28) and Prewitt edge filter has a 
moderate degree of identification (Plate 29). 
Canals: They are well represented on all the three filtered 
images, however their edges are very clear and separable on 
Prewitt edge filter (Plate 29). Good contrast and sharp contacts 
are exhibited on Laplacian filter (Plate 28) and median filter 
(Plate 27) images. 
Settlementsi This landuse category ie moderately recognised on 
median filter (Plate 27) but is very well recognised on Laplacian 
filter (Plate 28), where small villages are too separable from 
other landuse categories due to the sharp contacts and good 
contrast. Prewitt filter has a poor response and hardly exhibits 
this landuee category (Plate 29). 
Uater bodlea: They are well exhibited on applying median filter 
(Plate 27) and Laplacian filter (Plate 28), the later is more 
suitable. The Prewitt edge filter ie poor for water bodies 
identification (Plate 29). 
Bi omasa: This landcover category is well recoeni.<5ed on the images 
with median filter (Plate 27) and Laplacian filter (Plate 28) 
operations. However, Prewitt edge filter is not suitable for its 
delineation (Plate 29), 
Cropland: Cropland is widespread and well represented on median 
filter (Plate 27) and Laplacian filter (Plate 28) images, the 
later being the more useful and suitable. It is hardly possible to 
delineate this landuse category on the image with Prewitt edge 
filter (Plate 29). 
So^^a- They have a moderate degree of identification on median and 
Laplacian filter images (Plates 27-28) and are inseparable on 
Prewitt edge filter image (Plate 29) due to the least contrast and 
poor reflectance. 
Geomorphic features: They are mederately exhibited qn median 
filter (Plate 27) but are very well delineated on Laplacian filter 
(Plate Ze) and Prewitt edce filter (Plate 29) imaces. In fact 
Prewitt edge filter is beat suited for their identification as ie 
shown on Plate 29, which represents number of scars, abandoned 
channels and old river courses. 
Industrial unite: This landuse category is moderately exhibited on 
median filter (Plate 27), but is well represented on Laplacian 
filter (Plate 28) image and is hardly visible on Prewitt egde 
filter (Plate 29). 
From the above discussion and Table 14 it may be concluded 
that Laplacian filter is most useful for the various themes among 
the three filtering operations performed during the present study. 
This filter enhances the contrast among various features, sharpens 
the contacts and minimises the noise in the scene and hence 
produces best results. 
Principal Component (PC) Analysis: 
Principal Component (PC) analysis is carried out to define 
the number of dimensions present in a data set and to fix the 
coefficients which specify the positions of that set of axes 
(Byrne et al., 1980; Richards, 1984; Ingerbritsen and Lyon, 1985; 
Kramber et al., 1968). PC analysis has been carried out to achieve 
over all ground cover enhancement by selecting the best 
information from raw data and at the same time to reduce the 
dimension of data without much loss of information (Donker and 
Muldar, 1977; Thomas et al., 1987; Kunte, 1990; Sharroa et at., 
19 90). 
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In the present study the PC analysis was used to find the 
dimensionality of IRS LISS II data. The results of the PC analysis 
(Table 1E>) executed on this data set show that the first two 
components account for about 94% of the total variation existing 
in the data set. This shows that the intrinsic dimensionality of 
the data is two (Jiaju, 1988; Kramber et al., 1988; Sharma et al., 
1990; Lark, 1995). 
Table 15 presents the results of the PC analysis. 
Channel/ Eigen channel Eigen value Deviation Variation (%) 
band 
1 
2 
3 
4 
PCI 
PC2 
PC3 
PC4 
55.8024 
5.3638 
3-422 
0.5082 
7.4701 
2.3160 
1.8499 
0.7129 
85.72 
8.24 
5.26 
0.78 
The output of the PC analysis is shown in Plates 30-33 and 
Table 16 presents the enhancement and contrast position of various 
themes in PC images. 
Table 16 presents the enhancement and contrast position of various 
themes in PC images. 
Themes PCI PC2 PCS PC colour composite 
Roads 
Railwaylines 
Canals 
Settlements 
Uater bodies 
Biomass 
Cropland 
Soils 
Geomorphic 
features 
Industrial 
units 
good 
good 
good 
good 
good 
good 
moderate 
good 
good 
good 
moderate 
good 
good 
poor 
poor 
moderate 
moderate 
moderate 
poor 
poor 
moderate 
moderate 
moderate 
poor 
moderate 
poor 
poor 
poor 
poor 
poor 
good 
good 
good 
moderate 
moderate 
good 
good 
moderate 
moderate 
good 
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Plate 30 IRS-IA LISS 2 Principal Component (PCI) image 
Plate 31 IRS-IA LISS 2 Principal Component (PC2) image. 
ic: 
Plate 32 IRS-IA LISS 2 Principal Component (PC3) image. 
Plate 33 IRS-IA LISS 2 PC colour composite. 
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Roads; They are well represented on PCI (Plate 30) and PC colour 
composite (Plate S3) but are moderately represented on PC2 (Plate 
31) and PC3 (Plate 32) images due to the poor contrast and their 
intermixing with other landuse categories. 
Railway lines: This landuse cate£ory is well exhibited on PCI 
(Plate 3 0 ) , PC2 (Plate 31) and PC colour composite (Plate 33) and 
moderately represented on PC3 (Plate 3 2 ) . 
Canala: These features are well represented on PCI (Plate 3 0 ) , PC2 
(Plate 31) and PC colour composite (Plate 33) images and are 
suppressed on PC3 (Plate 32) image which shows low contrast. 
Settlements: These are best delineated on PCI (Plate 30) ima£e and 
are hardly separable on PC2 (Plate 31) and PC3 (PJate 32) imagea 
due to the low contrast and tonal similarity with other landuse 
categories. However they are moderately identified on PC colour 
composite (Plate 33). 
Uatef bodies: PCI image (Plate 30) is best suited for their 
delineation, they are moderately represented on PC2 (Plate 31) and 
poorly identified on PC3 (Plate 32) image due to the low contrast 
and intermixing boundaries. 
Cropland: This landuse category is best exhibited on PC colour 
composite (Plate 33) and exhibits natural green colour. It is 
moderately represented on PCI (Plate 30) and PC2 (Plate 31) images 
and has a poor degree of identification on PC3 (Plate 32) image. 
Soils: PCI image (Plate 30) is best suited for soils, its 
delineation is moderate on PC2 (Plate 31) and PC colour composite 
10 4 
(Plate 33) itnafies. PC3 (Plate 32) LB not useful for 8oil studiee. 
Geoinorphic features: These features are best identified on PCI 
(Plate 30) image, but are intermixed with other featut-ee on PC2 
(Plate 31) and PC3 (Plate 32) images and are poorly delineated. 
The PC colour composite (Plate 33) has a moderate degree of 
identification of these geomorphic features. 
Industrial Mi^ita: This las\d\ise cateaory is best recognised on PCI 
CPlate 30) and PC colour composite (Plate 33) images but are 
poorly represented on PC2 (Plate 31) and PC3 (Plate 32) images. 
From the above discussion it may be concluded that PCI image 
is best suited for almost all the themes which can be attributed 
to its variance value which is 85.72%. PC colour composite is also 
suitable for certain selected themes, PC3 is the least useful for 
thematic information. 
Histograin Equalization: 
Histogram equalization is applied to obtain an image whose 
grey levels have a uniform density (Gonzalez and Uintz, 1987). 
This is an enhancement technique which involves an increase in the 
dynamic range of the pixels and thereby have a considerable 
effect on the appearance of image. On the basis of frequency of 
occ urrence, image values are assigned to the display levels 
(Gillespie, 1980; Jensen, 1986). 
In the present study the grey level range of Band 1 is found 
to lie between 48 to 73 and has been divided into five classes, 
each with five grey levels. The range for Band 2 is from 31 to 55 
and hae al80 been divided into five classes each with five arey 
levels. The range for Band 3 is found to be maximum i.e. from 32 
to 67 and has been classified into seven classes with five grey 
levels in each class. The range for Band 4 is 48 to 68 and has 
been classified into four classes with five grey levels each. 
Plates 34-35 represent the output generated from histogram 
equalization. Table 17 presents the enhancement and contrast 
position of various themes resulting from histogram equlization 
and HSI transformation. 
Table 17 presents the enhancement and contrast position of various 
themes in histogram equalization and HIS transformation. 
Themes Histogram equalization 
bands 421 bands 431 
HIS transformation 
Roads 
Railwaylines 
Canals 
Settlements 
Uater bodies 
Biomass 
Cropland 
Soils 
Geomorphic 
features 
Industrial 
units 
good 
good 
good 
good 
good 
good 
good 
good 
good 
good 
good 
good 
good 
good 
good 
good 
v.good 
moderate 
good 
good 
poor 
moderate 
moderate 
moderate 
poor 
poor 
moderate 
poor 
poor 
poor 
From the Table 17 above it may be concluded that histogram 
equalization in general enhances the contrast among the various 
features and improves the overall quality of the picture by 
sharpening the image. 
it f. 
Plate 3/1 
bands 421 
IRS-IA LISS 2 imaee (Histogram equalization) 
Plate 35 
bands 431 
IRS-IA LISS 2 image (Histogram equalization) 
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Hue, Intensity and Saturation (HIS) Transform: 
The HIS transformation is another technique to spread image 
values into a ^reat range of hues for better separation of surface 
material units (Rowan et al., 1987; Harris et al., 1990). Hue 
refers to the dominant colour of the visible portion of the EMR in 
an image. Intensity refers to the brightness or dullness of the 
eoloui and Satutatiun in the decree of purity of colour a (Jenaen, 
1986; Gonzalez and U m t z , 1987; Mather, 1987). Hue and saturation 
takeji together ai e called ' chr omat i ci ty ' (Gonzalez and Uintz , 
1987). Thus three image bands displayed as RGB colour composite 
can be converted to an image r epi esent intj hue, ititcnaity and 
saturation. 
Plate J6 presents a derived image of RGB-HIS transformation 
over a part of the study area. The various themes on this image 
are intermixed resulting in low contrast among different classes 
and resulting in the suppression of features. Table 17 presents 
the enhancement and contrast position of various themes in HIS 
transformation colour composite ima^e (Plate ioj The image do not 
show much variation between various features, although major 
landuse/landcover categories are recognised such as cropland and 
biomass by pink hue. High moisture areas are represented by dark 
green hue and agricultural lands by light bluish hue. Litiear 
features on this image are not clearly observed. Geomorphic 
features are also suppressed due to the inter-mixing with the 
surrounding landruass and poor contrast among various features. 
15 S 
Plate 36 IRS-IA LISS 2 image (HIS transformation) 
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Chapter VII 
TERRAIN MAPPING UNITS 
General Statement: 
In India the agricultural sector wass given priority in 
developmental planning to bridge the gap between supply and demand 
in agro-economic sector. The S & T inputs for augmentation of the 
agricultural outputs in terms of grain production required 
introduction of improved seeds, fertilisers and irrigation as 
inputs for optimum utilisation of the land resources. The scheme 
uf dissemination of £ & T inputs from lab to land involved 
administrative units as the boundaries for introduction of seeds, 
fertilisers and irrigation facilities. The political boundaries of 
the villages, blocks and districts are generally not natural 
entities. The extensive irrigation and fertilisers in some places 
augmented the production, in others they degrade the eco-eystem. 
The concept of spatial data in resource management was 
introduced in India through NRDMS, NNRMS and NICNET QAuon, 1983; 
Khan and Qureshy, 1983; Anon^, 1989; Anon^, 1989). The data bases 
were created usin^ - GIS technology, where the Natural Resource 
Informatics CNRI ) were plotted in relation to geographic 
coordinate in terms of grid cells (Khan and Qureshy, 1983). In 
order to meet the special requirements of micro-level planning, 
later attempts developed spatial information system in polygonal 
mode with villge as a unit for natural resource informatics. Most 
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of the attempts n\ade for GIS takinc crid cells coordinates or 
village boundaries as a basis for graphic spatial display oi NRI 
data are burden with artificial boundaries, which are cultural and 
arbitrary. To generate scenarios to assist decision makers, 
planners and common farmers, in an eco-system like Indo-Gangetic 
plain, it is desirable that area be looked in terms of natural 
^eograhic entities characterised by homogeneity of soil moisture 
drainage characteristics of micro-watersheds, lithology, landforms 
etc. so that inputs in terms of seed, fertilisers, irrigation etc. 
are planned for optimum outputs and S & T inputs are 
environmentally compatible for the eco-system. 
The present study on geology, geomorphology, soil and 
groundwater have facilitated the synoptic viewing of the district 
Bulandshahr into Terrain Mapping Units (TMUs), which constitute 
geographically homogeneous natural entities (Meijerink, 1988; 
Valenzuela, 1988). The methodology of Terraiii Mapping Units for 
natural geographic boundaries will help in planning agricultural 
inputs for developmental needs of a basically agro-based system 
like Bulandshahr. Conventional methodology of inputs on the basis 
of block, tahsil and district will require to be changed on the 
micro-level. Individual TMU'a require separate treatment by way 
of agricultural inputs in terms of seed, fertiliser and irrigation 
depending upon the soil composition, texture, drainage 
characteristics, moisture level, groundwater conditions etc. 
To develop scientific basis for Land System management, the 
i7J 
concept of TMU hAS been adopted for Bulandshahr district. The land 
system management for agriculture, forestry etc. in the district 
will be environmentally compatible if the TMU are developed as 
management units for deciding inputs and management practices 
instead fo blocks, tahsils and districts, which have artificial 
boundaries. 
Terrain Happing Unite (TNUs) of Bulandshahr district: 
The multivariate data on groundwater, soil types, geology 
and geomorphology of the district were taken into consideration 
while creating TMU for Bulandshahr district. On the basis of 
homogeneity of lithology, soil types, depth tc j.-.: ound water-table 
and landform characteristics fourteen Terrain Mapping Units (TMUs) 
have been identified in Bulandshahr district (Fig. 45). To 
facilitate description of TMUs these have been designated as TMU-
1, TMU-2, TMU-3, TMU-fl, TMU-5, TnU-6, TMU-7, TMU-B, TMU-9, TMU-10, 
TMU-11, TMU-12, TMU-13 and TMU-14 respectively without any 
chronological connotation. 
Terrain Mapping Unit-1 (TMU-1): 
The TMU-1 in Bulandshahr district comprise the Recent 
Alluvium Group (RA) and is associated with the Flood Plain (FP) of 
the Ganga river. The TMU-1 is characterised by deep water-table 
(DUT) conditions and development of Ganga Khadar Soil Series (GK) 
which is light grey to ash grey in colour, coarse sandy loam to 
clay loam in texture, granulometrically it comprise 37.154 sand, 
32.45% silt and 30.01?i clay. The soil has Cation Exchange Capacity 
LEGEND FOR TERRAIN HAPPING UNITS: 
Geology: 
RA : Recent Alluvium Group 
NA : Newer Alluvium Group 
OA : Older Alluvium Group 
Geomorphology: 
FP 
T 
AOAP 
VOAP 
Flood Plain 
Terrace Zone 
Aligarh Older Alluvial Plain 
Varanasi Older Alluvial Plain 
Soil: 
GK : Ganga Khadar 
YK : Yamuna Khadar 
TYK : Trana-Yamuna Khadar 
CLL : Central Lowland 
ELL : Eastern Lowland 
CUL : Central Upland 
EUL : Eastern Upland 
UUL : Western Upland 
Groundwater: 
SUT : Shallow water-table 
DUT : Deep water-table 
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(CEC) 7.40*. Exchanceable Sodium Percentace (ESP) >15\, Hydroflen 
Ion Concentration (pH) >8.0, Electiical Conductivity (EC) l.BO 
mrnlios/cm. Silica (5102) 63.82-;, Alumina (AI2O3) 10.73\, Sodium 
Bicarbonate (NaHC03) 0.013*., Phosphorus Oxide (P2O5) 0.051%, 
Potassium Oxide (K2O) Q.bb'., Calcium Oxide (CaO) 0.70^., Iron Oxide 
CFe20j) 2.20^ and Magnesium Oxide (MgO) 0.71-i. 
The fertility status of TMU-1 in terms of macro-nutrient is 
Nitroe.en (N) <1.8%, Phosphorus (P) <1.8i; and Potassium (K) 2.7-
The water-table in TMU-l varies from 6 m bgl to 11 m bgl, 
thi5 unit has gentle to modorate slope and falls under Land 
i 1 i I tcibi ] i ty Class III. The geomorphic zone associated with TMU-l 
is flood plain and strati^raphically it represents Recent Alluvium 
Group (RA), lithologically it forms Ganga Recent Alluvial 
Formation. The villages falling in TMU-1 have uniformity of 
lithology , soil series and groundwater conditions and hence be 
treated as a common natural entity for inputs like seeds, 
1crtJ 1isers, irrigation practices etc. TMU-1 occupies a small area 
i!j the eastern periphery of the district and forms part of the 
Ganf.a micro-watershed (BjO-,). 
Terrain Mapping Unit-2 (TMU-2): 
The TMU-2 in Bulandshahr district is associated with Newer 
Alluvium Group (NA) and Terrace zone (T) of the Ganga river. The 
unit is characterised by Ganga Khadar Soil Series (GK) and deep •? 
water-table (DUT) conditions. The soil is light grey to ash grey 
174 
In colour, coare?; eandy loam to clay loam in textxirei 
eranulometrically it comprise 62.15*. sand, 22.30% eilt and 15.70% 
clay. The soil has Cation Exchange Capacity (CEC) 7.40%, 
Exchaneeable Sodium Percentage (ESP) >15%, Hydrogen Ion 
Concentration (pH) >8.0, Electrical Conductivity (EC) 1.50 
mmhos/cm, Silica (Si02) 83.82%, Alumina (AlgOj) 10.73%, Sodium 
Bicarbonate (NaHC03) 0.013%, Phosphorus Oxide (P2O5) 0.051%, 
Potassium Oxide (K2O) 0.65%, Calcium Oxide (CaO) 0.70%, Iron Oxide 
(Fe203) 2.20% and Magnesium Oxide (MgO) 0.71%. 
The fertility status of TMU-2 in terms of macro-nutrient is 
Nitrogen (N) <1.S%, Phosphorus (P) <1.8% and Potassium (K) 2.7-
3.4%. 
The water-table in TMU-2 varies from 5 m bgl to 11 m bgl, 
the unit has gentle to moderate slope and falls under Land 
Irrigability Class III (Iqbaluddin et al., 1994). The TMU-2 is 
geomorphologically associated with terrace zone (T), 
stratigraphically it represents Newer Alluvium Group (NA) and 
litologically it forms Ganga Terrce Alluvial Formation. The 
villages in TMU-2 have uniformity of lithology , soil series and 
groundwater conditions and hence be treated as a common natural 
entity for inputs like seeds, fertilisers, irrigation practices 
etc. TMU-2 occupies along a linear belt in the eastern boundary of 
the district and forms part of Ganga micro-watershed (D^Gj). 
Terrain Mapping Unit-3 (TMU-3): 
The TMU-3 in Bulandshahr district is associated with Older 
]7' 
Alluvium Group (OA) of the Indo-Ganaetic plain. The ceoittorphic 
surface which constitute this TMU-3 is Varanasi Older Alluvial 
Plain (VOAP). The unit is characterissed by Eastern Upland Soil 
Series (EUL) and deep water-table (DUT) conditions. The soil of 
the unit is light brown to dark yellowish brown in colour, sandy 
loam to loamy sand in texture, granuloinetrically it comprise 
6 5.45^ . sand, 20.05^ i silt and 14.35% clay. The soil has Cation 
Exchange Capacity (CEC) 9.06%, Exchangeable Sodium Percentage 
tESP) <15%, Hydro^:en Ion Concentration (pH) >S.O, Electrical 
Conductivity (EC) 2.15 mmhos/cm. Silica (2102) 69.53%, Alumina 
(Al20'^) 14.29%, Sodium Bicarbonate (NaHCOj) 0.08%, Phosphorus 
Oxide (P20^) 0.14%, Potassium Oxide (K2O) Q.62%, Calcium Oxide 
(CaO) 0.48%, Iron Oxide (Fe203) 2.75% and Magnesium Oxide (MgO) 
1.05%. 
The fertility status of TMU-3 in terms of macro-nutrient is 
Nitrogen (N) 1.0-4.76%, Phosphorus (P) 0.98-3.29% and Potassium 
(K) 1.0-5.0%. 
The water-table in TMU-3 varies from 8 m b^l to 12 m bgl, 
the unit hae gentle elope and falls under Land Irrigability Claae 
I and II . The geomorphic zone associated with TMU-3 is Varanasi 
Older Alluvial Plain (VOAP) which exhibits scars and palaeo-tals 
and lithologically it comprise Varanasi Older Alluvial Formation 
of Older Alluvium Group (OA). TMU-3 occupy the eastern half of the 
district and falls in the Nim micro-watershed (D2G2). 
37. 
Terrain Happing Unit-4 (TnU-4): 
The TMU-fl in Bulajidshahr district is associated with Older 
Alluvium Group fOA) and geomorphological ly forme the Aligarh Oldet-
Alluvial Plain CAOAP). The unit is characterised by Eastern 
Lowland Soil Series (ELL) and deep water-table (DUT) conditions. 
The soil of TMU-4 is brown to yellowish brown in colour, loamy in 
texture, granulometrically it comprise 49.185; sand, 32.25% silt 
and 18.46% clay. The soil has Cation Exchange Capacity (CEC) 
1E.S0%, Exchangeable Sodium Percentage fESP) <15*. , Hydrogen Ion 
Concentration (pH) 8.0', Electrical Conductivity (EC) 2.00 
mmhos/cm. Silica i.SL02) 77.05%, Alumina (A120,,) 14.04%, Sodium 
EiLai-bonate (NaHCCK 1 0.014°., Phosphorua Oxidt- CF2OC,) 0.017%, 
Potassium Oxide CK2O) 0.52%, Calcium Oxide (CaO) 1.09%, Iron Oxide 
CFe203) 3.72% and Magnesium Oxide (MgO) 0.50%. 
The fertility status of TMU-4 in terms of macro-nutrient is 
Nitrogen (N) 1.30-3.98%, Phosphorus (P) 1.50-4.33% and Potassium 
(K) 2.17-7.32%. 
The water-table in TMU-4 varies from 6 m bgl to 14 m bgl, 
the unit has gentle to moderate slope and falls under Land 
Irrigability Class II. The geomorphic zone associated with TMU-4 
is Aligarh Older Alluvial Plain CAOAP) characterised by palaeo-
channels and scars of highly sinous north flowing palaeo-drainage, 
which provide good locii for agricultural practice. 
Lithologically it comprise Aligarh Older Alluvial Formation of 
Older Alluvium Group (OA). TMU-4 also lies in the eastern half of 
BulandBhahr district and falle partly in Nim micro-watershed 
(D2G2) and partly iri Kali micro-watersshed (D2G2)-
Terrain Mapping Unlt-5 (TMU-5): 
The TMU-5 in Bulandshahr district is associated with Older 
Alluvium Group (OAj and Varanaai Older Alluvial Plain (VOAP). The 
unit is characterised by Central Upland Soil Series (CUL) and 
deep water-table (DUTJ conditions. The soil of TMU-5 is yellowish 
brown to dark yellowish brown in colour, loam to sandy loam in 
texture, granuloiiieti ical ly it comprise 55.80% sand, 33.72*. silt 
and 14.40% clay. The soil has Cation Exchan^-e Capacity (CEC; 
7.00%, Exchan^.eabl« Sodium Percentage (ESP.) <15%, Hydrogen Ion 
Concentration 1. pH , 7.5, Electrical Conductivity (EC) 2.00 
nifflhos/cm, Silica L£I02) 74.20%, Alumina lkl20'^) 10.92%, Sodium 
Bicarbonate (NaHCO^ ) 0.09%, Phosphorus Oxide CP2<^5) 0.011%, 
Potassium Oxide CK^O) 0.49%, Calcium Oxide (CaO) 0.58%, Iron Oxide 
(Fe203) 2.04% and Magnesium Oxide (MgO) 0.60%. 
The fertility status of TMU-5 in terms of macro-nutrient la 
Nitrogen (N) 1.0-3.31%, Phosphorus (P) 1.0-4.30% and Potassium 
CK) 1.0-5.0%. 
The water-table in TMU-5 varies from 5 m bgl to 14 m bgl, 
the unit has gentle slope and falls under Land Irrigability Class 
1. The geomorphic zone associated with TMU-5 i.e. VOAP is 
characterised by scars and first order streams of the north 
flowing palaeo-drainage. Lithologically, it comprise Varanasi 
Older Alluvial Formation of Older Alluvium Group (OA). The river 
17f 
Kali traverses throuch the lencth of this unit and the town of 
Bulandahahr also falls under this TMU-B, which occupies the 
central part of the district and lies in the Kali micro-watershed 
(0263). 
Terrain Mapping Unit-6 (TMU-6): 
The TMU-6 in Bulandshahr district is associated with Older 
Alluvium Group (OA) and Varanasi Older Alluvial Plain (VOAP). It 
is characterised by Central Upland Soil Series (CUL) and shallow 
water-table (SUT) conditions. The soil of TMU-6 is yellowish brown 
to dark yellowish brown in colour, loam to sandy loam in texture, 
granulometrically it comprise 5b.80*: sand, 33.72% silt and 14.40% 
clay. The soil has Cation Exchange Capacity CCEC) 7.00%, 
Exchangeable Sodium Percentage (ESP) <15%, Hydrogen Ion 
Concentration (pH) 7.5, Electrical Conductivity (EC) 2.00 
mmhos/cffl, Silica CSi02) 74.20%, Alumina (A1203) 10.92%, Sodium 
Bicarbonate (NaHC03) 0.09%, Phosphorus Oxide CP2O5) 0.011%, 
Potassium.Oxide (K2O) 0.49%, Calcium Oxide (CaO) 0.58%, Iron Oxide 
fFe203) 2.04% and Magnesium Oxide (MgO) 0.60%. 
The fertility status of TMU-6 in terms of macro-nutrient is 
Nitrogen (N) 1.0-3.31%, Phosphorus (P) 1.0-4.30% and Potassium 
CK) 1.0-5.0%. 
The water-table in TMU-6 is 4 m bgl the unit has gentle 
slope and falls under Land Irrigability Class I. The geomorphic 
zone, Varanasi Older Alluvial Plain associated with THU-6 is 
characterised by scars and first order streams of the north 
rv. 
llowinc palaeo-drsinace, 1itholocically it conrTiee Varanaei Older 
Alluvial Formation of Older Alluvium Group (OA). The TMU-6 occurs 
aa isolated patcht^a within TMU-E) and falls within the Ka] i micro-
watershed (D2G'^). 
Terrain Mapping Unlt-7 (TMU-7): 
The TMU-7 in Bulandshahr district is associated with Older 
Alluvium Group (OA) and Aligarh Older Alluvial Plain (AOAP). It is 
characterised by Central Lowland Soil Series (CLL) and deep water-
table (DUT) conditions. The soil is light browm to grey in colour, 
silt loam to clay loam in texture, granulometrically it comprise 
34.02% sand, 30.48-; silt and 35.50-; clay. The soil has Cation 
Exchange Capacity (CEC) 25.00*;, Exchangeable Sodium Percentage 
(ESP) >15%, Hydrogen Ion Concentration (pH) >8.5, Electrical 
Conductivity (EC) 10.0% mmhos/cm. Silica CSi02) 59.96%, Alumina 
(AI2O3) 12.67%, Sodium Bicarbonate (NaHC03) 0.50%, Phosphorus 
Oxide (P2O5) 0.017%, Potassium Oxide (K2O) 0.53%, Calcium Oxide 
fCaO) 1.22%, Iron Oxide (Fe203) 3.99% and Magnesium Oxide (MgO) 
0.60%. 
The fertility status of TMU-7 in terms of macio-nutrient is 
Nitrogen (N) 1.28-3.72%, Phosphorus (P) 1.87-4.40% and Potassium 
(K) 1.26-5.0%. 
The water-table in TMU-7 varies from 5 m b g l t o l l m bgl, 
the unit has gentle slope and falls under Land Irrigability Class 
II, III and IV. This unit occupies a considerable area of the 
district in the western half and lithologically comprise Aligarh 
J l ». 
Older Alluvia] Formation of Older Alluviun Group COA"), It ie 
widespread in extent formine parts of Kali and Karwan micro-
watersheds (D2G3 atid D2Y3). 
Terrain Mapping Unlt-8 (TMU-8): 
The TMU-S in Bulandahahr district is associated with Older 
Alluvium Group (OA) and Aligat-h Older Alluvial Plain (AOAP). It is 
characterised by Central Lowland Soil Series (CLL) and shallow 
water-table fSUT) conditions. The soil is light browm to grey in 
colour, silt loarn to clay loam in texture, granulometrically it 
comprise 34.02!i; sand, 30.48% silt and 35.50?. clay. The soil has 
Cation Exchange Capacity (CEC) 25.00%, Exchangeable Sodium 
Percentage (ESP) .>15°., Hydrogen Ion Concentrat iosi CpH) >8.S, 
Electrical Conductivity (EC) 10.0% mmhos/cm, Silica (Si02) 59.96%, 
Alumina (Al20-^) 12.67%, Sodium Bicarbonate CNaHC03) 0.50%, 
Phosphorus Oxide (P2O5') 0-017%, Potassium Oxide (K2O) 0.53%, 
Calcium Oxide (CaO) 1.22%, Iron Oxide (Fe203) 3.99% and Magnesium 
Oxide (MgO) 0.60%. 
The fertility status of TMU-8 in terms of mac:o-nutrient is 
Nitrogen (N) 1.28-3.72%, Phosphorus (?) 1.87-'1.4n*. and Potassium 
CK) 1.26-5.0%. 
The water-table in TMU-S is <4 m bgl, the unit has gentle 
slope and falls under Land Irrigability Class II, III and IV. 
Lithologically, this unit comprise Aligarh Older Alluvial 
Formation of Older Alluvium Group (OA) and occupies a small area 
in the western half of the district under Karwan micro-watershed 
1 : 3 
(D2Y3). 
Terrain Mapping Unit-9 CTnU-9): 
The TMU-9 in Bulaudshahr dictrict is associated with Older 
Alluvium Group (OA) and Varanasi Older Alluvial Plain (VOAP). It 
is characterised by Western Upland Soil Series fUUL) and deep 
water-table (DUT) conditions. The eoil ia light browm to dark 
yellowish brown in colour, loam to sandy loam in texture, 
granulometrically it comprise 53.13% sand, 33.18*i silt and 13.50^; 
clay. The soil has Cation Exchange Capacity (CEC; 10.50*;, 
Exchangeable Sodium Percentage (ESP) <15'i. Hydrogen Ion 
Concentration CpH.) >7.6, Electrical Conductivity (EC) 4.00°: 
mriihos/cm, Silica (£102) 65.11%, Alumina ikl^O^) 11.68%, Sodium 
Bicarbonate (NaHC03) 0.06%, Phosphorus Oxide CP2O5) 0.65%, 
Potassium Oxide (K2O) 0.09%, Calcium Oxide (CaO) 1.30%, Iron Oxide 
(Fe203) 4.50% and Magnesium Oxide (MgO) 0.45%. 
The fertility status of TMU-9 in terms of macro-nutrient is 
Nitrogen (N) 1.26-3.73%, Phosphorus (P) 1.24-4.63% and Potassium 
CK) 1.42-6.0%. 
The water-table in TMU-9 varies from 5 m bgl to 11 m bgl , 
the unit has gentle slope and falls under Land Irrigability Class 
I. Lithologically, this unit comprise Varanasi Older Alluvial 
Formation of Older Alluvium Group (OA) and occupies part of the 
western half of the district under Patwaha micro-watershed (D2Y2)-
Terrain Mapping Unit-10 (TMU-10): 
The TMU-10 in Bulandshahr district is associated with Older 
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Alluvium Group (OA) and Varanasi Older Alluvial Plain (VOAPj. It 
is characterised by Ueetei-n Upland Soil Series (UUL) and shallow 
water-table (.SUT) conditionss. The soil is light btowm to dark 
yellowish brown in colour, loam to sandy loam in texture, 
granulometrically it comprise 53.13% sand, 33.18% silt and 13.50% 
clay. The soil has Cation Exchange Capacity (CEC) 10.50%, 
Exchangeable Sodium Percentage (ESP) <15%, Hydrogen Ion 
Concentration (pH) >7.6, Electrical Conductivity (EC) 4.00% 
mmhos/cm. Silica (Si02) 65.11%, Alumina (AI2O3) 11.66-1, Sodium 
Bicarbonate (NaHCO^) 0.06%, Phosphorus Oxide (P2O5 ) 0.65%, 
Polaasium Oxide (K2O) 0.09%, Calcium Oxide (CaO) 1.30%, Iron Oxide 
fFe^Oj) 4.50% and Magnesium Oxide (MgO) 0.45%. 
The fertility status of TMU-10 in terms of macro-nutrient is 
Nitrogen (N) 1.26-3.73%, Phosphorus (P) 1.24-4.63% and Potassium 
(K) 1.42-6.0%. 
The water-table in TMU-10 varies from 4 m bgl to 11 m bgl, 
the unit has gentle slope and falls under Land Irrigability Class 
I. Lithologically, this unit comprise Varanasi Older Alluvial 
Formation of Older Alluvium Group (OA), occupies part of the 
western half of the district, occuring as isolated patches within 
Tnu-9 aiid falls under Patwaha micro-watershed {,^2^2^-
Terrain Mapping Unit-11 (TMU-11): 
The TMU-11 in Bulandshahr district is associated with Newer 
Alluvium Group (NA) and Yamuna Terrace zone (Tj^  and T2). It is 
characterised by Trans-Yamuna Khadar Soil Series (TYKj and deep 
lb 3 
water-table conditions. The soil ie liftht crey to psh crey in 
colour, loam to silty clay In texture, granulometrically it 
cotnpriae 18.0B>. sand, 41.05% silt and 40.05% clay. The soil has 
Cation Exchange Capacity (CEC) 14.40%, Exchangeable Sodium 
Percentage (ESP) <15%, Hydrogen Ion Concentration (pH) >7.3, 
Electrical Conductivity (EC) 3.00 mmhos/cm. Silica (Si02) 69.05%, 
Alumina (AI2O3) 13.97%, Sodium Bicarbonate (NaHC03) 0.091%, 
Phosphorus Oxide (^2^5^ 0.011%, Potassium Oxide (K2O) 0.31%, 
Calcium Oxide (CaO) 0.38%, Iron Oxide (Fe203) 1.22% and Magnesium 
Oxide (MgO) 0.62%. 
The fertility status of TMU-11 in terms of macro-nutrient is 
Nitrogen (N) <1.6\, Phosphorus (P) <1.8% and Potas-Ssium (K) 2.7-
3.4%. 
The water-table in TMU-11 varies from 5 m bgl to 8 m bgl, 
the unit has gentle to moderate slope and falls under Land 
Irrigability Class II. The Tj and T2 terrace zone associated with 
TMU-11 is characterised by landform features like scars, abandoned 
channels, old river courses etc. Lithologically it comprise Ganga 
Terrace Alluvial Formation of Newer Alluvium Group (NA). It is 
developed along the left bank of the Yamuna river and falls within 
the Yamuna micro-watershed (02^^^). 
Terrain Mapping Unit-12 (TMU-12): 
The TMU-12 in Bulandshahr district is associated with Newer 
Alluvium Group (NA) and Yamuna Terrace zone (T^ and T g ) . It la 
characterised by Trans-Yamuna Khadar Soil Series (TYK) and shallow 
l r - 4 
water-table (SUT) conditions. The soil ie lifiht crey to ash arey 
in colour, loam to silty caly in texture, granulometrically It 
eoropriee 18.0b*i sand, 41.05^ silt and 40.0B»; clay. The coil has 
Cation Exchange Capacity (CEC) 14.40>., Exchangeable Sodium 
Percentaee (ESP) <15%, Hydrogen Ion Concentration (pH) >7.3, 
Electrical Conductivity (EC) 3.00 mmhoa/cm, Silica (Si02) 69.05%, 
Alumina CAl20'^) 13.97*., Sodium Bicarbonate (NaHCO^) 0.091%, 
Phosphorus Oxide (P2O5) 0.011%, Potaaalum Oxide (K2O) 0.31%, 
Calcium Oxide (CaO) 0.38%, Iron Oxide (Fe20^) 1.22% and Magnesium 
Oxide (MgO) 0.62%. 
The fertility status of TMU-12 in terms of macro-nutrient is 
Nitrogen (N) <1.S%, Phosphorus (P) <1.8% and Potassium (K) 2.7-
3.4%. 
The water-table in TMU-12 is <4 m bgl, the unit has gentle 
to moderate slope and falls under Land Irrigability Class II. 
Litologlcally, the unit represent Ganga Terrace Alluvial Formation 
of Newer Alluvium Group (NA), occupies a smaller area within TMU-
11 and falls in the Yamuna micro-watershed (D2Y,). 
Terrain Mapping Unlt-13 (TMU-13): 
The TMU-13 in Bulandshahr district is associated with Recent 
Alluvium Group (RA) and Flood Plain (FP) of the Yamuna river. The 
flood plain is characterised by deep water-table (DUT) conditions 
and development of Yamuna Khadar Soil Series (YK), which is light 
grey to dark grey in colour, sandy to clayey in texture, 
granulometrically it comprise 48.90% sand, 37.40% silt and 12.69% 
clay. The soil hao Cation Exchanfi© Capacity (CEC) 10.0\, 
Exchaneeable Sodium Percentaee (ESP) >15%, Hydrogen Ion 
Concentration (pHj >8.Q, Electrical Conductivity (EC) 2.20 
minhoa/ero, Silica (Si02) 5S>.74i, Alumina (AI2O3) S.43i, Sodium 
Bicarbonate (NaHC03) 0.098%, Phosphorus Oxide (P2O5) 0.35%, 
Potassium Oxide (K2O) 0.61%, Calcium Oxide (CaO) 7.61%, Iron Oxide 
(Fe203) 4.92% and Magnesium Oxide (MgO) 2.36%. 
The fertility status of TMU-13 in terms of macro-nutrient is 
Nitrogen (N) <!.&'., Phosphorus (P) <1.6% and Potassium (K) 2.7-
3.4%. 
The water-table in TMU-13 varies from 5 m bgl to 7 m bgl , 
the unit has gentle to moderate slope and falls under Land 
Irrigability Clase III. The geomorphic zone associated with TMU-13 
has number of geomorphic features like ox-bow lake/cut-off 
meanders, point bars/channel bars, abandoned channels etc. 
Lithologlcally, the unit comprise Yamuna Recent Alluvial Formatiof* 
of Recent Alluvium Group (RA), occupies western most part of the 
district and falld within Yamuna micro-watershed (D2YH). 
Terrain Mapping Unit-14 (TMU-14): 
The TMU-14 in Bulandshahr district is associated with Recent 
Alluvium Group (RA) and Flood Plain (FP) of the Yamuna river. The 
flood plain is characterised by shallow water-table (SUT) 
conditions and development of Yamuna Khadar (YK) soil aeries, 
which is light grey to dark grey in colour, sandy to clayey in 
texture, granulometrically it comprise 48.90% sand, 37.40% silt 
and lZ.69"t clay. The soil has Cation Exchance Capacity (CEC) 
10.0*;, Exchangeable Sodium Percentage CESP) >15*. , Hydrogen Ion 
Concentiation (pHj >8.0, Electrical Conductivity (EC) 2.20 
mmhoe/cni, Silica (Si02) 59.74%, Alumina (AI2O3) 6.43%, Sodium 
Bicarbonate CNaHCOo,) 0.098%, Phosphorus Oxide CP2O5) 0.35%, 
Potassium Oxide (K2O) 0.61%, Calcium Oxide (CaO) 7.61%, Iron Oxide 
(Fe203') 4.92% and Magnesium Oxide (MgO) 2.36%. 
The fertility status of TMU-14 in terms of macro-nutrient is 
Nitrogen fN) <l.e':, Phosphorus CP) <1.8% and Potassium (K) 2.7-
3.4%. 
The water-table in TMU-14 is <4 m bgl, the unit has gentle 
to moderate slope and falls under Land Irrigability Class III. 
Lithologically, the unit comprise Yamuna Recent Alluvial Formation 
of Recent Alluvium Group (RA) and occupies a very small area 
within TMU-13 at the western periphery of the district in the 
Yamuna micro-watershed (D2y2^). 
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Ch*pt«r VXII 
LAND STSTEH STUDIES FOR SUSTAINABtE AGRICULTURE 
General Statenent: 
India adopted the "Green Revolution" in 1967-68 to increase 
her agricultural production by application of improve seeds, 
fertilisers and irrigation facilities as inputs. Over the years 
these inputs have contributed to the increase in agricultural 
production and making India self-sufficient in the foodgrain 
production. However, the scenario has not been as pleasant as we 
concieve. Infact the application of these inputs have adversely 
affected soil and water resources resulting in ecological 
imbalances, causing soil degradation and water logging conditions 
in some areas. The cause of such ecological and environmental 
degradation may be attributed to the fact that these inputs were 
applied to the administrative units i.e. district, tahsil, block 
etc. without consideration to the variation in soil types, 
groundwater conditions, lithology, geomorphology, drainage basin 
characteristics etc. within the administrative units. The uniform 
application of fertilisers and irrigation inputs have resulted in 
some places in improvement in the production but at other places 
it has degraded the ecosystem, either by rise of the water-table 
or by lowering of the water-table, at places the salinity 
development has been triggered by .S & T inputs into soil 
resources. This has happened due to the fact that the political 
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and administrative boundaries do not coincide with the natural 
boundaries of land which nay be characterised by hofliogeneity of 
soil, litholofev, geomorphology, hydrogeological set up and other 
related physico-chemical parameters that constitute integral part 
of the land system. To develop the scientific management, the land 
system studies has been adopted for sustainable agricultural 
production in Bulandshahr district. The dictrict has seventeen 
blocks (Fig. 46J. 
nethodology: 
Integration o£ natural resource informatics and agricultural 
inputs and production has been attempted for Bulandshahr district 
in order to develop correlated model for optimum utilisation of 
land resources and to develop model for sustainable agriculture. 
Irrigation: 
Total irrigated area in each block has been determined and 
converted into area percent (irrigated). Table 18 presents the 
blockwise irrigation coverage during 1991-92. The minimum 
irrigated area is 82.86% in Dankaur block and the maximum 
irrigated area is 100% in Bulandshahr, Gulaothi, Lakhawati, 
Shikarpur, Siyana, B.B. Nagar and Unchagaon blocks (Fig. 47). 
Fertiliaerg: 
Fertilisers in the form of Nitrogen (N), Phosphorus (P) and 
Potassium (K) are applied to the agricultural land. Table 19 
presents the blockwise consumption of NPK in the district during 
1991-92. The figures available in quintals in each block have been 
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Table IB presents the blockHise irrigation status (X) in Bulandshahr district during 
1991-92. 
Block naie 
1. Bulandshahr 
2. Gulaothi 
3. Lakhavati 
4. Shikarpur 
5. Khurja 
6. Pahasu 
7. Jewar 
8. Arniya 
9. Sikandrabad 
10. Dankaur 
11. Anupshahr 
12. Debai 
13. Danpur 
14. Siyana 
15. B.B. Nagar 
16. Jahangirabad 
17. Unchagaon 
Area of the 
block (ha) 
22278 
15102 
21696 
26632 
28382 
27411 
36824 
24475 
34900 
42502 
27149 
24085 
21798 
18467 
17621 
21784 
20632 
Net sown area 
(ha) 
18353 
13109 
18118 
21561 
21010 
23197 
26913 
20825 
26150 
32342 
20706 
17974 
18103 
16358 
15370 
16147 
17196 
Net irrigated 
area (ha) 
18353 
13109 
18118 
21561 
20966 
23136 
26458 
18822 
25725 
26799 
20127 
16607 
17733 
16358 
15370 
18016 
17196 
irrigated area 
a) 
100 
100 
100 
10O 
99.80 
99.73 
98.30 
90.38 
98.37 
82.86 
97.20 
92.39 
97.95 
100 
100 
99.28 
100 
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Table 19 presents the blockwise input in terns of NPK in Bulandshahr district during 
1991-92. 
NPK input <Q) NPK 
N P K («/ha) 
37540 14370 1490 2.90 
26230 9280 640 2.75 
23630 7000 600 1.72 
24300 6190 570 1.44 
30080 8030 500 1.83 
25630 6630 450 1.41 
26140 6700 450 1.23 
18640 5530 380 1.17 
22540 6630 630 1.13 
20960 6850 620 0.87 
26050 6930 460 1.61 
29120 6480 470 2.00 
21180 5560 430 1.50 
25880 5890 600 1.97 
22720 5230 430 1.84 
24670 5670 480 1.69 
23950 5160 500 1.72 
Block naite 
1. Bulandshahr 
2. Gulaothi 
3. Lakhavati 
4. Shikarpur 
5. Khurja 
6. Pahasu 
7. Jewar 
8. Arniya 
9. Sikandrabad 
10. Dankaur 
11. Anupshahr 
12. Debai 
13. Danpur 
14. Siyana 
15. B.B. Nagar 
16. Jahangirabad 
17. Unchagaon 
Area of the 
block (ha) 
22278 
15102 
21696 
26632 
28382 
27411 
36824 
24475 
34900 
42502 
27149 
24085 
21796 
18467 
17621 
21784 
20632 
Net sown area 
(ha) 
18353 
13109 
18118 
21561 
21010 
23197 
26913 
20825 
26150 
32342 
20706 
17974 
18103 
16358 
15370 
18147 
17196 
1S;3 
converted to Q/ha in each block. Figure 48 showp the blockwise 
spatial spread ot NPK consumption during 1991-92, and It Is 
observed that the maximum NPK consumption is in Bulandshahr block 
with 2.90 0/ha, whereas minimum consumption is in Dankaur block 
with 0.87 0/ha. 
Production: 
Total production figures for each crop available blockwise 
were converted into per hectare area figures to smoothen out the 
aereal inhomogeneity in the area swon in each V)lock. Per hectare 
area figures were subjected to analytical rigour and statistical 
comparisons for generating models for sustainable agriculture 
using land system approach in agricultural practices and land 
management. 
For estimating the yield in individual blocks from the 
information available in the form of net area sown per block and 
total yield of the district for a particular crop, we use the 
assumption that the fertility is homogeneous throughout the 
district. Under this assumption the yield of a block can be worked 
out from the following relationship: 
Yield of the crop of a block = A x Y / B 
Where, 
A = Total area of the block under the crop 
y = Total yield of the crop in the district 
B - Total area of the district tinder the crop. 
Table 20 presents the blockwise agricultural production in 
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Table 20 presents the blockwise agrituWral production in Bulandshahr district during 
1991-92. 
Block name 
1. Bulandshahr 
2. Gulaothi 
3. Lakhavati 
4. Shikarpur 
5. Khurja 
6. Pahasu 
7. Jevar 
8. Arniya 
9. Sikandrabad 
10. Dankaur 
11. Anupshahr 
12. Debai 
13. Danpur 
14. Siyana 
15. B.6. Nagar 
Area of the 
block (ha) 
22278 
15102 
21696 
26632 
28382 
27411 
36824 
24475 
34900 
42502 
27149 
24085 
21796 
18467 
17621 
U . Jahangirabad 21764 
17. Unchagaon 20632 
Net $own area 
18353 
1310^ 
1B11J 
21561 
21010 
23197 
26913 
2082$ 
26150 
32342 
20706 
17974 
18103 
16358 
15370 
18147 
17196 
Production 
(0) 
288481 
188207 
212158 
299464 
162761 
186142 
218100 
130854 
176395 
152260 
364436 
226217 
162390 
333902 
312003 
274380 
252532 
Production 
(0/ha) 
15.71 
14.35 
11.70 
13.88 
7.44 
6.02 
8.10 
6.28 
6.74 
4.70 
17.60 
12.50 
8.97 
20.40 
20.29 
15.11 
14.68 
196 
Bulandshahr dislrict durinc 1991-92 and Figure 49 shows the 
spatial blockwise representation of the .a^ricultural output in the 
district. It ie observed that the maximum production is obtained 
from Siyana bloc-k where it is 20.40 Q/ha followed by B.B. Nagar 
with 20.29 Q/ha. The minimum production is from Dankaur block with 
4.70 0/ha. The production figures Q/ha for all the blocks have 
been classified into five groups as those with <5.0 Q/ha, 5-10 
0/ha, >10-15 0/l»<a, M5-20 Q/ha. and >20 Q/ha respectively (Fig. 
49) . 
Analysis: 
(a) Irrigation Vs Production: 
A comparison between irrigation coverage of the block with 
the production in that particular block has been attempted. The 
results are presented in the form of bar diagram (Fig. 50) with 
irrigation coverage in percent and the corresponding production in 
Q/ha for each block. It is observed that with 100% irrigation 
coverage in the blocks of Bulandshahr, Gulaothi, Lakhawati, 
Shikarpur, Siyana, B.B. Nagar and Unchagaon the production figures 
show wide variations from 11.70 Q/ha in Lakhawati block to 20.40 
0/ha in Siyana block. The scenario in Khurja, Pahasu and 
Jahangirabad is also interesting, where we observe that these 
blocks are irrigated for more than 99% of the s(y^ area but their 
corresponding production figures vary significantly with Khurja 
block as low as 7.7 4 Q/ha and Jahangirabad with 15.11 Q/ha which 
suggests that the productivity of the land is not controlled by 
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the irrication coveract- alone. A cent percent irrication facility 
would not necessarily bring high yield/production. In this 
connection Anupshahi- block presents a good example where the 
Itrigation covet aite is 97*. and the production is as high as 17.60 
Q/ha. 
(b) Fertlliaera Va Production: 
A comparison between fertiliaers i.e. NPK as input and 
agricultural production as output has been attempted for all the 
blocks. The figures for NPK and production for each block were 
converted to the same unit i.e. Q/ha and finally plotted in the 
form of bar diagram (Fife- SI)- It is observed that more quantity 
of NPK as input do not bears fruitful results as output. It is 
we.ll illustrated from the bar diagram that with NPK <2.0 Q/ha in 
Anupshahr block the resulting output is 17.60 Q/ha, on the 
contrary it is observed that NPK >2.5 Q/ha in Gulaothi and 
Bulandahahr blocks the corresponding agricultural outputs are 
14.35 Q/ha and 15.71 Q/ha respectively. A similar situation is 
observed in Khurja, Shikarpur and Lakhawati blocks as these are 
compared with NPK and their corresponding agricultural production. 
In Khurja block the NPK applied is 1.83 Q/ha, for Shikarpur it is 
1.44 Q/ha and for Lakhawati block the NPK is 1.72 Q/ha but their 
corresponding production figures are 7.74 Q/ha for Khurja, 13.88 
Q/ha for Shikarpur and 11.70 Q/ha for Lakhawati block 
respectively, which clearly demarcates an inverse relationship 
between NPK and agricultural production. Uith more NPK as input 
(H, 
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the correspondinc production is less or vice versa. 
From the discussion above it ' may be concluded that 
irrigation and fettiliseis as inputs do not necessarily increase 
the agricultural production, infact in some cases these bring 
adverse effects, lowers the productivity of the land and results 
in the less agricultural output. Therefore it le necessary that 
the entire system of inputs on the basis of blocks, tahsils, 
districts etc. has to be reviewed and an integrated approach of 
natural resource informatics is to be attempted for sustainable 
agricultural development. 
Tnu as a guide for agricultural inputs: 
Terrain Mapping Unit iTMU) may be considered as a management 
unit for Inputs like fertilisers, irrigation, seeds etc. for 
optimum agricultural outputs. Since a TMU is an unit defined by 
homogeneity of lithology, soil type, geomorphology and groundwater 
condition, hence separate treatment is to be applied to each TMU 
in terms of inputs depending upon their requirements. 
To develop a model for land system studies for sustainable 
agriculture the TMU map of Bulandshahr was superimposed on 
blockwise agricultural production map. Figure 52 presents the 
derived map which shows variation in production within a single 
TMU. As an example TnU-3 may be taken for analysing the variation 
in production where we observed that it varies from <10 Q/ha to 
>20 Q/ha. The lowest production figure of 6.97 Q/ha is confined to 
the southern part and it is highest in the northern part where it 
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i r. 20.40 Q/ha and rt-st of the THU ehowe variation between 10-20 
P/ha. Similar type of comparison/correlation may be worked out for 
othei TMUs. Sucli typo ol i nhomogeni t i es within a asin^ -.le TMU can be 
it:£o]vtd if simiJar tr ftitfiient ia given for a particular TMU in 
terms of inputs like seeds, fertilisers and irrigation which may 
result in the uniform agricultural output. 
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